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ugh  planting 


and  supply  response  requires  the  separate  investigation  of  planting  and 
cultivation  decisions.  A complete  structural  system  of  planting  and 
cultivation  decisions  was  specified  for  different  Florida  citrus 

estimation  of  Florida  citrus  tree  planting  decisions,  new  plantings  and 
replantings  were  considered  latent  variables  and  a structural  system  was 
estimated  within  the  framework  of  a dynamic  unobserved  components  model. 
Structural  output  relationships,  capturing  short  term  cultivation 
decisions,  were  directly  estimable. 


PROBLEM  STATEMENT  AND  OBJECTIVES  OF  THE  STUDY 


picking,  hauling,  packing,  and  processing,  which  follow  production. 


Florida  citrus  are  published  by  the  F] 

These  projections  are  based  on  deterministic  extrapolation  of  past  trends 
in  investment  and  supply.  This  approach  is  useful  for  short  run 
forecasting  when  previous  trends  are  likely  to  persist.  Ic  is 
inappropriate,  however,  for  long  run  forecasting  as  it  does  not  account 
for  the  stochastic  processes  and/or  the  economic  structures  generating  the 
observed  time  paths  of  Florida  citrus  investment  and  supply.  Furthermore, 
the  value  of  this  approach  for  economic  and  policy  analysis  is  also 
limited  since  che  projected  trends  of  investment  and  supply  are  not  tied 
to  any  economic  or  Institutional  factors. 

Florida  orange  Industry  (Powe,  McClain),  while  no  such  studies  have  boon 
conducted  for  the  Florida  grapefruit  Industry.  Powe  developed  a 
simulation  model  of  the  Florida  orange  Industry  and  examined  the  effects 
of  alternative  Inventory,  pricing,  advertising,  and  supply  control 
policies  on  the  industry’s  performance.  McClain  developed  a Monte  Carlo 
simulation  model  of  the  world  orange  juice  market.  Blthln  this  framework, 
McClain  investigated  the  impacts  of  demand  and  supply  structural  changes 
as  well  as  changes  in  trade  policies  on  the  evolution  of  the  world  orange 
Juice  market.  The  emphasis  in  Powe's  and  McClain's  studies  was  on  policy 
and  trade  Issues,  and  the  treatment  of  orange  investment  and  supply 


and  grapefruit  production  represent  the  output  of  several 
differing  end  uses,  profitability  levels,  and 


aggregation 
differences  w 


>■  Furthermore,  substantially  different  trends  have  been 
me  varieties  over  the  last  twenty- five  years.  Hence, 
ross  varieties  could  obscure  important  behavioral 
i uncertain  outcomes  for  Che  implied  s 


During  Che  last  decade,  the  unprecedented  occurrence  of  several 
severe  freezes  substantially  reduced  the  productive  capacity  of  the 
Florida  citrus  industry.  Questions  have  been  raised  with  regard  Co  Che 
industry's  ability  to  overcome  strengthened  competition  from  Brazil  in  the 
orange  market,  rising  land  costs,  environmental  regulations,  and  ocher 
economic  problems,  in  attempting  to  return  to  pre-freeze  productive 
capacity  levels.  As  such,  informational  needs  on  cha  economic  structure 
id  supply  response  of  Florida  citrus  have  been  intensified, 
is  overall  objective  of  this  study  is  to  investigate  the  economic 
•e  of  investment  and  supply  response  for  various  varieties  of 
c^crus-  Specifically,  the  influences  of  such  factors  as  input  and 
prices,  technological  change,  uncertainty,  institutional 
id  weacher  on  Investment  and  supply  of  Florida  citrus  must 
be  disentangled  and  quantified. 

Section  two  discusses  recent  events  that  have  contributed  to  the 
transitory  state  of  the  Florida  citrus  industry  and  have  shaped  the 
economic  environment  for  investment  in  Florida  citrus.  Section  three 
evaluates  the  needs  of  economic  research  as  they  relate  to  the  Florida 
citrus  industry  and  presents  the  specific  objectives  of  this  study. 


Finally,  section  fc 


■State  ant! 


-Industry 


The  Florida  citrus  Industry  experienced  significant  expansion  during 
the  decade  of  1960s.  Bearing  acreage  of  ell  Florida  citrus  Increased  from 

The  Industry's  growth  was  founded  on  Increasing  demand  for  processed 
citrus.  Given  Its  orientation  towards  citrus  processing,  Florida 
experienced  significant  gains  In  market  shares  by  capitalizing  on  demand 
shifts.  During  the  last  decade,  however,  the  bearing  acreage  of  the 
Florida  Industry  decreased  by  approximately  thirty  percent  and  the 
Industry  entered  a transitory  state.  The  main  contributing  factor  of  the 
reductions  In  the  bearing  acreage  of  the  Industry  during  this  period  was 


conditions,  particularly  freezes, 


output  level  being  reduced  only 

replanting  and  full  productive  maturity  of 
fifeeen  years,  Indicates  that  the  effects  o 
production  con  be  long  lasting.  Since  thi 
approximately  fifty  freezes  of  varying  Intensity 
Florida's  citrus  producing 
every  ten  years  (Miller).  This  pattern.  I 
1980s  when  several  major  freezes  occurred 


short  run.  Tree-killing  freezes, 
tended  period  of  time  by  reducing 


with  major  freezes  occurring  roughly  once 
pattern,  however,  was  interrupted  In  the 


resulted 


million 


citrus  (McClain)  and  9.1  million  productive  trees  (Gunter  and 
Fairchild) , while  losses  from  the  freere  in  December  1989  have  not  yet 
been  quantified.  The  immediate  economic  consequences  from  these  freeze- 


1 supply  have  been  devastating  for  the  Florida 
industry.  Commensurate  with  the  extensive  losses  in  revenues  from  reduced 
levels  of  production,  Florida  also  loot  large  portions  of  its  shares  in 
domestic  and  International  markets.  Florida’s  lost  share  in  the  processed 
orange  market  were  captured  primarily  by  Brazil  through  sizable  expansions 
in  bearing  acreage  and  production. 

The  severe  freezes  of  the  last  decade  re-defined  the  production  and 

:he  Industry.  Florida  citrus  producers  have 
initially  reacted  to  the  increased  risks  through  spatial  and  varietal 
adjustments  in  the  new  plantings  and  adoption  of  Improved  technologies. 
Planting  activities  have  been  marked  by  a southward  migration  due  to  the 
lower  risk  of  freeze  occurrence  in  the  southern  portion  of  the  state. 
Furthermore,  in  the  areas  which  were  heavily  affected  by  the  recent 
freezes  new  plantings  are  mainly  cold  tolerant  varieties  (Miller). 
Extensive  technical  innovation  was  also  induced  by  the  freezes.  Numerous 
technological  advances  in  citrus  production  have  become  available  in  the 
last  fifteen  years  with  the  most  notable  being  improved  root  stocks,  high 
density  planting  systems,  and  Improved  irrigation  and  fertilization 
systems.  These  technologies  were  being  slowly  adopted  due  to  the  large 
initial  investment  required  for  adoption,  the  longevity  of  the  tree  stock, 
existing  irrigation  systems,  as  well  as  ocher  capital  already  in  place. 
However,  extensive  investment  directed  cowards 


replacing 


Ins called 


n rising  over  Che  lasc  decade  * 
svels  of  investment  and  supply. 


chrough  Che 


In  addicion  co  Che  w 
Investment  in  Florida  cicrus 
yec  unidentified  consequences 

land  values,  envlronmencel  regulations,  increasing 
c incentives  in  cicrus 
Reform  Act  (TRA) . 

,e  rapid  populacion  growth  experienced  by  Che  scace  of  Florida  it 


and  developers  for  Che  available  land  at 


future  as  Florida's 
Increasing  land  values  not  only  inflate  Che  cose  of  new  citrus  grove 
developments  but  also  apply  cose  pressure  Co  existing  groves  as  they  imply 
increasing  opportunity  costs  for  citrus  production. 

Environmental  regulations,  related  primarily  with  water  use,  have 
also  added  to  the  cost  of  new  investment  in  Florida  cicrus  during  the  last 
decade.  Five  regional  water  management  districts,  charged  by  Chapter  373 
of  the  Florida  Statutes  to  manage  Florida's  water  resources,  overlook  a 
number  of  state  and  local  regulations  related  to  water  use.  These 
regulations  initiated  expensive  and  lengthy  processes  for  acquiring 
development,  well  construction,  and  water  use  permits  for  new  groves. 
Engineering  studies,  primarily  on  the  property's  drainage,  and 
1 studies,  with  special  attention  to  wetlands  and 


species  utilizing  the  aces  as  a habitat,  ace  cequiced  befoce  a pecmit  fc 
gcove  development  is  gcanted.  Well  constcuction  and  watec  use  pecmits  at 


pucposes.  Aside  fcom  the  pcoceducal  coses  c 
costs  to  new  gcove  development  implied  by  t 
ace  sizable  because  they  usually  require  lan 

pcoceduces  often  cesult  in  costly  delays  sine 
sensitive  aceas  in  Flocida  the  peciod  beewei 


e enviconmental  zegulacions 
i initiating  and  completing 


of  five  peccent  pec  > 
ss  have  affected 
'et  been  quantified. 

An  additional  change  chat  could  potent: 
e investment  in  Flocida  clccus  is  Che 
;ode.  The  1986  TRA  intcoduced  impoctan 
d capital  gains  deductions  and  inv 
classified  ciecus  gcoves  fcom 
pcopecey  to  a cen-yeac  secaighe  line  depcecl 


last  decade,  Fcom  a low  of  negative 

then  heve  stabilized  to  an  appzoximace 
The  extent  to  which  lncteased  ceal 


changes  in  the  tax  cates, 


importance  of  tax  considerations 


lecated  cost  recovery  system 

significantly  reduced  the  potential 
Che  citrus  investment  decision. 


expected  Co  effect  investment  In  Florida  citrus  negatively.  The  exact 
size  of  such  negative  effect,  however,  is  not  known.  Economic  theory 
suggests  chat  producers  will  continue  to  invest  in  Florida  citrus  as  long 


fixed  factor 


a given  planning  horizon. 


fltablllcy,  Cl 


also  surfaced  in  recent  years.  This  uncertainty 


citrus  Industry  would  almost  certainly  result  in  a period  of  low  prices. 
Such  concerns  ere  not  unjustified.  Significant  productivity  gains  are 
expected  due  to  extensive  technological  change,  spatial  and  varietal 
adjustments,  and  the  changes  in  the  age  distribution  of  Che  tree  stock  due 
to  the  resent  heavy  plantings.  If  planting  rates  continued  to  be  similar 
Co  recent  levels,  bearing  acreage  would  reach  or  surpass  pre-freeze  levels 


potentially  reach  productive  capacity  levels  greater  than  the  ones  of  the 
1970s  which  could  initiate  a period  of  low  prices.  In  conclusion,  the 
future  levels  of  Florida's  productive  capacity  remain  to  be  seen;  however, 
the  implied  price  uncertainty  may  prove  to  be  the  most  limiting  factor  for 


Florida  citrus. 


producers , such  information  Is  not  currently  available.  The  overall 
objective  of  this  study  Is  eo  fill  this  informational  gap  through  on 
empirical  Investigation  of  investment  and  supply  response  for  various 
Florida  citrus  varieties.  The  specific  objectives  of  the  study  are  as 


eo  explicitly  consider  the  formal  optimization  problem  of  the 
Florida  citrus  firm,  and  its  implications  on  the  specifications  of 
investment  and  supply  response  functions; 


develop 


and  estimate  appropriate  empirical  models  ■ 
properties  of  the  theoretical  and 


The  derived  empirical  results  could  be  used  for  economic  and  policy 
analysis  as  well  as  for  forecasting  of  future  production  and  investment 
trends  for  various  Florida  citrus  varieties.  Such  information  is  expected 
to  assist  citrus  producers,  prospective  investors,  and  other  market 
participants  in  their  decision  making  process. 


The  investment  and  supply  response  structures  of  early-midseason 
oranges,  lace  oranges,  colored  seedless  grapefruit1,  white  seedless 
grapefruit,  total  oranges,  and  total  grapefruit  are  investigated  in  this 
study,  over  the  period  1966  to  1988.  Early-midseason  and  late  oranges 
represented  over  98  percent  of  total  orange  bearing  acreage . while  colored 
and  white  seedless  grapefruit  represented  92  percent  of  the  total  bearing 
grapefruit  acreage  in  198B-89.  Seedy  grapefruit  is  not  considered  since 


grapefruit. 


grapofruit 


pink  seedless 


11 

lcs  importance  has  been  consistently  decreasing  over  the  last  twenty 


Early  and  midseason  varieties  accounted  for  53  percent  of  the  total 
bearing  acreage  in  round  oranges  while  the  rest  was  represented  by  late 
varieties  (Valencia),  in  1988-89.  For  both  varieties,  over  90  percent  of 
production  is  usually  directed  to  the  processed  orange  market.  Late 
varieties  are  more  in  demand  for  their  suitable  color  characteristics. 
However,  late  varieties  also  carry  a greater  production  risk  since  they 
are  vulnerable  to  freeze  damage.  Early  and  midseason  varieties  assume 
much  lower  production  risks  since,  for  Che  most  part,  they  are  harvested 
before  the  beginning  of  the  freese -sensitive  period  of  the  year.  The 
desired  color  characteristics  and  higher  production  risks  are  reflected  in 
a price  premium  that  lace  varieties  enjoy  over  early  and  midseason  orange 

Colored  seedless  grapefruit  varieties  represented  44  percent  of  the 
total  grapefruit  bearing  acreage  while  white  seedless  varieties  accounted 
for  48  percent,  in  1988  - 89.  Colored  varieties  are  mainly  produced  for  the 
fresh  market  where  over  65  percent  of  Che  total  production  is  sold.  White 
varieties  are  mainly  directed  to  the  processed  market  where  over  65 
percent  of  total  production  is  sold.  Because  of  their  different 
utilization  ends,  colored  varieties  have  experienced  higher  prices  over 
the  last  twenty  years.  In  recent  years,  however,  the  price  differencial 


The  relative  trends  of  bearing  acreage 


plantings  for  Che  colored 
'or  the  last  twenty  years. 


expectations 


expanding  European 


changing 


colored 


consumer  preferences,  bearing  acreage  of 
varlecies  almost  doubled  over  the  last  twenty  years.  In  contrast,  bearing 
acreage  devoted  to  white  varieties  remained  fairly  stable  over  the  same 
period.  Relative  trends  of  bearing  acreage  and  plantings  for  early- 
mldseason  and  late  orange  varieties  have  been  comparable  over  the  last 
twenty  years.  Specifically,  bearing  acreage  of  both  orange  varieties 
experienced  considerable  growth  in  the  1960s  and  significant  drops  due  to 
freeze  damages  in  the  1980s.  The  extent  to  which  differences  in  prices, 
production  risks,  utilization  ends,  and  observed  trends  among  separate 
citrus  varieties  imply  distinct  investment  and  supply  response  structures 
is  investigated  in  this  study.  The  effects  of  aggregation  across 
varlecies  are  also  considered  by  examining  the  investment  and  supply 
behavior  of  total  oranges  and  total  grapefruit. 


associated  decision  sec  in  perennial  crop  supply  response  are  discussed  in 


section  one.  The  most  important  theoretical  and  empirical  studies  on 
perennial  crop  supply  response  are  reviewed  in  section  two  and  the  degree 
of  success  in  dealing  with  the  specific  agronomic  peculiarities  of 
perennial  crop  technologies  is  appraised.  The  appropriate  technologies 
and  the  optimisation  problem  of  the  Florida  citrus  firm  (or  their 
aggregate)  are  considered  in  section  three.  The  implications  of  the 
optimization  process  for  econometric  modelling  of  the  Florida  citrus 
acreage  and  supply  response 


r economic  or  Institutional  factors  available  to  the 

be  categorised  into  three  subsets:  planting 
decisions,  cultivation  decisions,  and  harvesting  decisions  (Bellman  and 

Planting  decisions  refer  to  all  the  possible  options  available  to 
the  farmer  in  controlling  the  firm's  future  productive  capacity  towards  a 
desired  level  through  adjustments  of  the  tree  stock.  The  farmer  can 
increase  the  future  productive  capacity  by  increasing  the  acreage  devoted 
to  perennial  crop  cultivation  through  new  plantings  or  reduce  it  through 
uprootingg  and  diversification  of  land  to  alternative  uses.  The  farmer 
can  also  elect  to  adjust  the  future  productive  capacity  of  the  firm 
through  changes  in  che  age  composition  of  the  existing  productive  stock. 


Specifically,  the  farmer  can  increase  t 


i productive  capacity  o 


existing  land  allotment  through  uprootings  of  aging  and  less 
vintages  followed  by  replant Ines  and,  for  some  perennial  crops,  through 
£.CmiPln&.2  Hence,  che  total  adjustment  of  the  firm's  future  productive 
capacity  in  any  given  year  is  che  net  effect  of  all  Che  planting  decisions 
which  modify  both  che  total  cultivated  area  and  the  age  composition  of  the 


Cultivation  d 

input  utilization  rates  which  are  conditional  on  each  year's  tree  stock 
and  its  age  composition.  Such  decisions  can  significantly  modify  not  only 
che  current  but  also  che  future  productive  capacity  of  a given  tree  stock 
by  shifting  its  age-yield  profile.  The  effects  of  annual  fertilizer, 
labor,  and  material  utilization  rates  on  yields  are  physically  distributed 
over  a number  of  years.  Thus,  in  deciding  on  che  annual  input  levels  che 
farmer  must  cake  into  account  both  che  temporal  and  intertemporal  input 
substitution  possibilities.  In  addition,  the  farmer  must  consider  the 
substitution  possibilities  of  Inputs  across  age  classes  (vintages) , since 
different  age  classes  can  exhibit  varying  response  rates  to  input 
applications.  Hence,  cultivation  decisions  Involve  joint  choices  on  che 
input  levels  and  the  associated  vintages  where  the  specific  inputs  are 

Planting  and  cultivation  decisions  jointly  detemine  che  total 
productive  capacity  of  the  tree  stock  available  Co  the  firm  and  thus  its 


cultivate  root  stocks,  and/or  preferable  tree  densities  represent 
additional  production  possibilities  to  the  former's  adjustments  cowards  a 


potential  annual  output.  However,  the  actual  annual  output  produced  by 
the  firm  may  differ  from  the  potential  output  due  to  random  factors 

Specifically,  the  firm  would  harvest  only  part  of  the  available  crop  If 
tho  marginal  cost  of  harvesting  became  greater  chan  the  output  market 
price.  Furthermore,  for  perennial  crops  which  are  harvested  continuously 
over  a year,  such  as  rubber  and  tea,  the  intensity  of  harvesting  in  one 
year  can  substantially  modify  the  yields  of  subsequent  years.  Thus,  the 
intertemporal  output  substitution  possibilities  may  lead  the  firm  to 
harvest  only  a portion  of  the  potential  output  In  each  given  year. 

The  foregoing  discussion  serves  to  emphaslre  the  following  chree 


production  decisions: 

(a)  Adjustments  in  planted  acreage  and  its  age  distribution. 

(b)  Adoption  of  improved  cultlvars  and  other  new  technologies. 

(c)  Utilization  rates  of  variable  inputs  across  various  vintages  of  the 


(d)  Levels  of  the  potential  output  harvested. 

Second,  perennial  supply  theory  must  be  dynamic  because  of  the 
following  intrinsically  dynamic  characteristics  of  the  firm's  supply 

(a)  The  perennial  production  process  is  Itself  fundamentally  dynamic  due 
to  the  existing  input- Input  and  output-output  intertemporal 
substitution  possibilities. 

(b)  Planting  and  cultivation  decisions  which  are  jointly  performed  in 


any  given  period  become  state  variables  (or  constrali 
planting  and  cultivation  decisions  in  subsequent  periods. 


i of  adjustment,  which  penalize  rapid 


Investment  and  disinvestment,  may  imply  sluggish  adjustment  of  the 
fixed  factors  towards  their  desired  or  optimal  levels. 

(d)  The  natural  gestation  and  full-yield  response  lags  associated  with 
perennial  crop  production,  along  with  the  above  dynamic  aspects  of 
the  process,  impose  forward-looking  behavior  for  the  perennial  crop 


Third,  an  adequate  depiction  of  perennial  technologies  must  allow 
for  temporal,  intertemporal,  and  inter-vintage  substitution  possibilities 
to  be  represented.  This  later  face  endorses  the  use  of  vintage  production 

studying  the  perennial  acreage  and  supply  response  structure. 


A complete  theoretical  framework  for  studying  the  dynamics  of 
perennial  supply  response  did  not  appear  in  the  literature  until  recently. 
Bellman  and  Hartley  developed  a comprehensive  theoretical  model  with 
vintage  technologies  where  planting,  cultivation,  and  harvesting  decisions 
are  all  present  in  the  firm's  decision  sec.  The  producer  is  assumed  to 
maximize  the  discounted  present  value  of  profits  over  a finite  planning 


theories  and  methods  to  the  literature  econ 
response  analysis,  relevant  to  this  study.  The 
is  not  exhaustive.  For  additional  economecri 
Cummings,  for  simulation  studies  of  perennial 
Price,  and  McClain,  and  for  synthetic  studies 
Knapp,  and  references  therein. 


that  have  contributed  new 
collection  presented  here 

supply  see  Baricelle  and 
i of  perennial  supply  see 


horizon  by  jointly  selecting 


the  rates  of  investment,  input  utilization. 
This  problem  is  shown  to  be  a dynamic  programming 

complex  dynamic  structure.  Because  of  this  complexity,  Bellman  and 

reliable  direct  estimates  of  the  parameters  in  the  dynamic  technology 
based  solely  on  macro  time  series  data  without  making  extreme  simplifying 

the  usually  available  macro  data  to  provide  structurally  relevant 

Trivedi  developed  a similar  but  more  limited  vintage  model  in  which 

analyzed  through  classical  nonlinear  programming  concepts.  Within  this 
framework,  the  Intricate  input  and  output  substitution  possibilities  of 
perennial  production  are  uncovered  and  the  jointness  of  planting. 

Bellman  and  Hartley,  closed  form  analytical  solutions  for  the  supply 
problem  could  not  be  derived  from  the  optimization  conditions. 

The  previous  theoretical  studies  have  clearly  demonstrated  the 
inherent  difficulties  in  perennial  crop  supply  analysis  which  arise  from 
the  complex  dynamic  structure  of  perennial  technologies.  In  empirical 
analysis  of  perennial  investment  and  supply  response,  however,  further 
complications  arise  from  empirical  Issues  such  as  Che  specification  of 


difficulties  and  in  the  absence  of  closed  form  analytical  solutions  to  the 
optimization  problem,  empirical  studies  have  routinely  resorted  to  ad  hoc 


specifications  of  acreage  and  supply  reap 

Empirical  aggregate  supply  response  studies  for  perennial  crops 
first  appeared  In  the  economic  literature  in  the  early  1960s  and  the 
majority  have  been  cast  within  the  econometric  framework.  French  and 
Bressler  developed  the  first  meaningful  perennial  acreage  response  modal 
in  terms  of  total  plantings  and  removals  in  lemon  production.  Tree 
plantings  were  specified  as  a function  of  long  run  expected  profits  and 
expected  removals,  proxled  by  the  number  of  trees  over  twenty-five  years 
of  age.  Removals  were  specified  as  a function  of  short  run  expecced 
profits,  number  of  trees  over  twenty- five  years  of  age.  and  a proxy  for 
urban  expansion.  Profit  expectations  were  assumed  to  be  formed  as 

Bateman,  and  later  Behrman,  offered  the  first  explicit  attempts  to 
adapt  Nerlove's  (1958)  supply  response  model,  developed  for  annual  crops, 
to  perennial  crop  cultivation.  Bateman  assumed  chat  farmers  maximize  the 
present  value  of  expected  profits  with  respect  to  acreage  in  cocos 

where  planeed  acreage  is  a function  of  discounted  own  and  substitute 
prices.  In  Che  absence  of  planted  acreage  data  Bateman  re-specified  Che 
model  in  terms  of  output.  Assuming  chat  expectations  are  adaptive, 
Bateman  estimated  a single  equation  reduced  form  where  output  is  a 
function  of  lagged  own  and  substitute  prices,  lagged  weather,  and  lagged 
output.  Behrman  estimated  a similar  relation  although  he  derived  the 
final  reduced  form  through  a partial  adjustment  approach. 

French  and  Mathews  Introduced  a more  complete  model  for  asparagus 
supply  response.  Two  separate  relationships  were  specified  to  describe 


cotal  plantings  and  removals.  These  relationships  were  subsequently 
combined  to  give  the  desired  bearing  acreage.  A separate  relationship  was 
employed  to  explain  yields  in  terms  of  variations  in  age  distribution  of 
the  existing  tree  stock,  productivity  growth,  and  weather  conditions. 
Changes  in  yields  and  acreage  were  then  combined  to  explain  variations  in 
output.  Finally,  specification  of  the  unobserved  expectations  and  desired 


acreage  in  terms  of  lagged  observable  variables  completed  the  model. 
Estimation  of  the  structural  system  was  not  possible  duo  to  data 
restrictions.  Instead,  a single  equation  reduced  form  model  which 
resulted  from  solving  the  structural  system  was  estimated.  However,  the 
structural  parameters  were  underidentified  and  could  not  be  recovered  from 
the  estimated  coefficients. 

Rauaser  offered  the  first  decision  theoretic  model  in  the  perennial 
crop  supply  response  literature  through  an  extension  of  Jorgenson's 
optimal  capital  accumulation  model.  Within  this  framework,  Cobb  Douglas 
and  CES  production  functions  were  considered  as  technological 
representations  of  California  orange  production  and  the  supply  function 
was  explicitly  derived  from  the  firm's  optimlration  problem.  Such 
production  technologies,  however,  imply  homogeneous  capital  which  is 
uncharacteristic  of  the  heterogeneous  capital  perennial  c 
ires  of  age-yield  profiles  were  use 
t services  were  proportional  to  the 


production. 


supply  response. 


s implied  solutions  t 


e optimization  problem 


the  intrinsically  dynamic  perennial  crop 
ir,  Rausser  postulated  sluggish  adjustment 
( equilibrium  levels  on  the  basis  of 


biologically  determined  lags,  information  and  response  lags,  and  other 
rigidities. 

Bickens  and  Greenfield  proposed  a simpler  decision  theoretic  model 
where  they  employed  a vintage  production  function  with  heterogeneous 
capital  input.  By  explicitly  considering  convex  costs  of  adjustment  in 
the  firm's  objective  function,  the  authors  obtained  smooth  adjustment 
paths  from  the  optimization  problem.  Under  the  assumptions  of  quadratic 
adjustment  costs  and  zero  substitution  possibilities  between  fixed  and 
variable  inputs,  analytical  solutions  for  the  investment  paths  were 
possible.  The  authors  also  allowed  for  the  possibility  that  only  part  of 
the  potential  output  is  harvested  by  adding  a harvesting  equation. 
Although  Wickens  and  Greenfield  specified  separate  structural  equations 
for  production  technology,  total  investment,  and  harvesting  decisions, 
they  estimated  a single  reduced  form  equation  for  coffee  supply  due  to 
data  limitations.  As  in  previous  cases,  the  structural  parameters  were 


Akiyama  and  Trlvedi  and  Hartley  et  al.  were  the  first  to  note  that 
new  plantings  and  replantings  are  qualitatively  different  investment 
decisions.  Akiyama  and  Trlvedi  used  a vintage  production  function  and. 
following  Trlvedi -a  approach,  they  defined  planned  output  as  che  profit 
maximizing  level  of  output.  Actual  output  was  allowed  to  differ  from 
planned  output  due  to  stochastic  supply  shocks  and  unrealized 
expectations.  Bichin  this  framework,  output  supplied  by  che  firm  becomes 
a function  of  potential  output  and  relative  error,  in  price  expectations. 
Variant,  of  the  error  correction  model  were  used  to  define  theoretically 
consistent  relationship,  for  new  planting,  and  replanting..  Akiyama  and 


Trivedl  estimated  structural  relationships  Cor  supply,  new  plantings , and 
replantings  Cor  tea  production  In  India,  Sri  Lanka,  and  Kenya.  Their 
estimations  were  facilitated  by  the  availability  of  detailed  time  series 
on  new  plantings,  replantlngs  end  uprootlngs,  output,  and  age -yield 
proCilea  underlying  tea  production  in  the  various  producing  regions. 

Hartley  et  al.  also  estimated  a structural  system  oC  supply 
response.  Using  a variant  oC  the  Ulckens  and  CreenCleld  model  and 
detailed  data  on  new  plantings  and  replantlngs,  output,  age-yield  proCile, 
and  age  distribution  oC  the  stock  they  examined  separately  the  harvesting, 
replanting,  and  new  planting  decisions  on  rubber  supply  In  Sri  Lanka. 

Despite  the  Inventiveness  oC  the  empirical  studies  In  dealing  with 
complex  dynamics,  specification  of  unobserved  variables,  and  data 
constraints,  some  limitations  must  be  explicitly  recognized.  First,  the 
majority  of  the  empirical  studies  have  been  tempered  by  the  availability 
of  data.  The  value  of  a structural  approach  In  uncovering  the  dynamics  In 
perennial  supply  response  has  long  been  recognized.  The  required  data 
secs  for  estimation  of  structural  systems,  however,  are  quite  Involved  and 


usually  unavailable.  For  rt 


i,  empirical  analysts  hi 


single  reduced  form  equations  adjusted  for 
particular  perennial  crop,  and  attendant  data 
In  these  studies  Is  or 


e specific  features  of  a 

■f  supply  elasticities.  When  short 
run  output  adjustments  are  allowed  {through  harvesting  decisions),  the 
derived  elasticities  are  difficult  to  Interpret  since  the  short  and  long 
run  output  responses  cannot  be  disentangled,  when  only  long  run  output 
:e  allowed,  the  derived  price  elasticities  are  interpreted  as 
n supply  elasticities.  Aklyama  and  Trivedl  have  noted,  however. 


corresponds  to  a given  price  configuration. 


apparent  that  there  always 
his  implies  that  the  concept 


of  long  run  supply  elasticity  may  not  be  well  defined  in  perennial  c: 
supply  response.  To  the  extent  such  assertions  are  valid,  the  value 
reduced  form  specifications  is  questionable. 

Second,  although  the  it 
the  various  planting  decisions  1 
such  interdependencies  have  been  systematically  Ignored  in  empirical 
research.  Indeed,  even  in  cases  where  detailed  data  sets  permitted 
estimation  of  structural  systems,  interactive  estimations  of  new  plantings 
Partial  care  has  been  taken  for  the 
uprootlngs  in  only  a limited  number  of 


Jointness  between  replantings  i 


;.  Aklyama  and  Trivedi) . 


Third,  the  treatment  of  the  unobserved  variables  in  empirical 
perennial  crop  supply  studies  is  mainly  based  on  the  notions  of  certainty 
equivalents*  and  stationary  expectations  (Nerlove,  1979).  Several 
different  mechanisms  of  expectation  formation  which  have  been  advocated, 
such  as  naive  (Ezekiel),  adaptive  (Cagan),  rational  (Muth) . and  quasi- 
ratlonal  (Nerlove  et  el.),  are  methods  of  arriving  at  certainty 
equivalents  of  uncertain  variables.  In  general,  rational  expectations  are 
considered  the  me 


Eksteln) . 


As  explained  by  Ner: 
certainty  equivalents  allows  ", 
one  or  more  variables  the  values  of 
would  lead  to  the  same  solution  a 
treating  the  decision  problem  to  its 


autoregressive 


Ly  studies , which 

typically  result  from  empirical  experimentation.  Some  care  in  Justifying 
the  choice  of  expectation  formations,  a priori,  would  lend  more  validity 
to  the  specification  of  unobserved  variables  in  empirical  perennial  crop 
supply  studies. 

Fourth,  most  of  the  studies  have  focused  on  explaining  planting 
decisions,  and  in  some  cases,  harvesting  decisions.  Cultivation  decisions 
have  most  often  been  assumed  away  by  invoking  putty  clay  technologies 
which  imply  zero  substitution  possibilities  between  the  fixed  tree  capital 
stock  and  all  ocher  variable  inputs.  Although  this  assumption  is  often 
Justified  on  model  tractablllty  grounds,  it  must  be  recognized  that  it  is 
fairly  restrictive.  For  most  perennial  crops,  cultivation  decisions  can 
substantially  shift  the  age-yield  profile  of  any  given  tree  stock. 

Co  price  changes  through  short  run  adjustments  in  input  utilization  rates 


should  be  a 


Elatlda  Citrus  Technology  and  the  Firm's  Optimization  Prohlemi 
The  general  agronomic  characteristics  in  perennial  production 
previously  described  are  only  partially  relevant  to  Florida  citrus 
production.  Replannings  are  performed  regularly  in  order  to  replace  trees 
-Umaged  by  pests,  disease. , and  freezes.  New  planting,  are  also  an 
important  segment  of  total  plantings,  especially  in  expansionary  periods 
of  the  Florida  citrus  Industry.  Uprooting,  of  uneconomic  vintages  are  not 


Che  Florida 


s section  follow  theoretical  advancements 
technological  characteristics  specific  to 


ed,  however,  in  Florida  cirrus  production  since  well-cared  older 

significantly  modify  the  underlying  yield-age  profile  of  a given  citrus 
tree  stock.  Finally,  biennial  cycles  or  other  output  Intertemporal 
substitution  possibilities  and  economic  abandoment  of  citrus  fruit  are  not 
observed  in  Florida  citrus  production.6  Hence,  harvesting  decisions  need 
n explaining  Florida  citrus  supply.  Under  these 


slmpliflcetions  In  the  pertinent  decisiot 
consider  the  firm's  optimisation  problem  ir 


id  supply  and  to  provide  guidance 


properties  of  Florida  citrus  Investment  ai 

Foremost,  it  Is  assumed  that  the  production  technology  of  Florida 
citrus  can  be  depicted  by  e set  of  vintage  production  functions  with 
heterogeneous  capital  input,  such  as 


where  k(t,v)  represents  capital  input  of  vintage  v employed  in  time  t,  and 
l(t.v)  represents  a vector  of  variable  Inputs  combined  with  k(t,v).  For 
citrus  production,  capital  Input  k(t,v)  may  be  thought  as  a composite 


. -V  **"**»'"*“«  of  <*«  potential  output  introduces  a discontinuity 
in  the  derivative  of  output  with  respect  to  prices  (Nerlove  1979).  This 
discontinuity  implies  that  exact  or  approximate  certainty  equivalents  for 
hav  *“!=”•  Prl«‘  <*>  «»«  * number  of  empirical  studies 

, , theoretical  inconsistency  by  introducing  harvesting 
relations  to  explain  short  run  variations  in  actual  output,  while  assuming 
“°f  certainty  equivalents  in  formulating  price  expectations. 

does  not  apply  to  this  study  since  all  potential  output  is 
nnuallv  r F 


input  of  area  planted  with  citrus  trees  under  some  fixed  density  and 
associated  capital  inputs  such  as  irrigation  systems.  The  input  vector 

variable  inputs  used  in  fixed  proportions  with  it,  without  loss  of 
generality.  Index  1 is  used  to  describe  separate  technologies  such  as 
various  citrus  hybrids,  root  stocks,  and  tree  densities.  These  factors 
may  Imply  different  substitution  possibilities  among  variable  inputs.  The 
standard  concavity  properties  of  the  production  function  are  maintained  so 
that  3f'(t,v)/31>0  and  3>f‘<t,v)/31f<0,  hold  across  all  productive 

For  Florida  citrus,  a standard  gestation  period  C1  is  required  before 
the  tree  stock  con  produce  any  output.  The  gestation  lags  are  allowed  to 
vary  with  technology  i In  ordor  to  account  for  observed  regularities.  For 
example,  high  density  planting  technologies  imply  three-year  gestation 
lags  while  low  density  planting  technologies  result  into  four-year 
gestation  lags.  Under  these  conditions,  Che  vintage  production  function 


0 If  C-v<C*. 

Since  t-v  measures  the  age  of  the  tree  stock,  equation  (2.2)  suggests  that 
only  mature  vintages  produce  positive  output. 

A specific  age-yield  profile  is  assumed  to  exist  for  each  technology 
1 so  that  yields  gradually  increase  with  the  age  of  Che  tree  stock  over  a 
twenty  year  period  and  they  subsequently  level  off.  A given  age-yield 


(2.4)  q‘(t.v)  - f‘[k(t.v),  l(t.v)  | l(e-p,v)]; 


I,  v«V.; 


mature  vintages 


The  net  change  In  capital  for  each  vintage  v and  period  t i 
specified  through  the  capital  depletion  and  Investment  equations 


(2.7b)  k(t.c)  - r(t)  + n(t). 

Equacion  (2.7a)  suggests  chat  capital  of  vlncage  v in  period  c is  Che 
remainder  of  capital  of  vintage  v in  period  C-l,  after  depreciation 
d(t,v) , and  stock  reductions  due  to  stochastic  factors  D(t,v)  have  been 
accounted  for.  Depreciation  d(c,v)  is  used  to  account  for  tree  deaths 
attributable  to  diseases  and  pest  Infestations,  and  is  considered  to  be 
proportional  to  the  tree  stock.  Depletion  D(t,v)  describes  Che  effect  of 
random  tree-killing  freezes.  Equacion  <2. 7b)  states  chat  total  investment 
in  period  t is  the  sum  of  nev  plantings  n(t)  and  replantings  r(t>. 

It  is  now  assumed  chat  the  Florida  citrus  firm  bounded  by  the 
technological  constraints  described  by  the  relationships  (2.1)  through 
(2.7)  maximizes  discounted  net  revenue,  over  a given  planning  horizon  by 
choosing  the  levels  of  new  plantings,  replantings,  and  -labor-  inputs,  as 
well  a.  appropriate  technologies.  In  solving  it.  dynamic  optimization 
problem,  the  firm  must  have  knowledge  of  the  time  path,  of  future  output 
prices  (p(t)|.  input  prices  (w(c)|,  planting  costs  (c(t)>,  and  interest 
rates  l«(c)|,  which  are  revealed  in  perfectly  competitive  markets.  Since 
knowledge  of  future  prices  and  costs  with  certainty  is  not  possible,  ic  is 


assumed  chat  these  state  variables  can  be  replaced  by  their  certainty 
equivalents.  Finally,  it  is  assumed  that  there  exist  convex  costs  of 
adjustment  4i(n(t)),  d2<r(t)>  for  new  plantings  and  replantings 
respectively.  Such  costs  are  assumed  to  penalize  rapid  adjustments  of  the 
firm  towards  the  optimal  level  of  capltel  stock.  Specifically,  fixed 
costs  of  -pushing-  deed  trees  out  of  the  grove  and  replanting,  as  well  as 
costs  Incurred  due  to  special  cultural  practices  required  for  the  resets, 
often  induce  firms  to  replant  every  tvo  or  three  years  so  that  these  fixed 
costs  are  distributed  over  a greater  number  of  trees.  For  new  plantings, 
search  costs  for  appropriate  land,  and  extra  costs  of  accelerating  the 
process  of  acquiring  permits  and  establishing  the  grove  may  Induce 
sluggish  adjustments. 

Based  on  these  assumptions,  the  optimization  problem  of  the  Florida 


:2.8>  i 


“ I(l+*<t»‘*tp(t)Q(t)  -v(t)l(t)  -c,(t)n(t)  -c2(t)r(t)  - 

e #(n(t).r<t»l 

k(t,v)  - d(t,v)  k(e-l,v)  - D(t,v) 
k(t.t)  - r(t)  + n(t) 
n(c)ao,  r(t)ao,  l(t)ao 


* 1<e>  - Z 1 «"■»  *(■)  - I I d'(n(t),  t 


lhe  stated  problem  of  the  citrus  firm,  is  a nonlinear  programming  problem 
and  iterative  techniques  based  on  the  Kuhn-Tucker  conditions  could  be  used 
to  derive  the  solutions.  Assuming  that  all  n(t),  r(t),  and  l(t)  are 
strictly  positive,  classical  optimization  procedures  may  be  utilized  to 


obtain  the  first  order  conditions  of  optimality  with  r 

The  choice  of  appropriate  technologies  i is  the 
decisions  the  firm  must  consider. 


(2.10)  Z[l+«<t)l‘>  p(t)q‘(t,w)  £ Ell+dMJ'1  |w<e)l‘(t.v)  +c1(t)n1<t)+ 

Cj<t)r‘(e)+*‘<n,(t)  ,r‘(t))l . 
The  inequality  sign  in  the  above  condition  is  necessary  due  to  the  fact 
that  the  choice  of  technology  is  discrete  and  may  not  always  hold  at  the 
margin.  Given  that  no  budget  or  borrowing  constraints  have  been  specified 
in  the  firm's  problem,  condition  (2.10)  Implies  that  every  technology  i 
which  adds  net  revenue  to  the  firm's  objective  function  will  be  employed. 
If  large  fixed  costs  of  adopting  new  technologies  exist,  however, 
important  discontinuities  are  Introduced  and  significant  changes  in  costs 
and  benefits  must  take  place  before  one  technology  is  replaced  by  another. 

The  rates  of  new  planting  and  replanting  Investments  that  maximize 


+ =i(0  - l (l+S(t)]->  , 


♦ =2(0  - l [l+«(t)]->  [ 


Conditions  (2.11a) 


2.11b)  suggest  that  the  firm  wi! 
plantings  and  replantlngs  up  to  the  point  th 
marginal  revenue  product  of  an  additional  u: 


31 

equals  ics  marginal  cose.  The  adjustment  costs  and  the  production 
function  under  these  conditions  are  specific  to  Che  type  of  technology 
used  and  consequently,  the  choice  of  technology  and  rate  of  Investment  are 
jointly  determined.  It  should  also  be  noticed,  chat  if  the  adjustment  and 
direct  planting  costs  of  replanclngs  are  lower  than  chose  of  the  new 
plantings.  It  is  likely  that  replantings  will  be  exhausted  before  any  new 
plantings  are  realized  in  the  firm's  optimal  solution.  Although  this  may 
not  be  an  unrealistic  condition,  it  is  certainly  restrictive.  It  Is 
possible,  however,  Co  eliminate  this  restriction  by  allovlng  certain 
technologies  to  be  available  only  through  new  planting  Investment,  a 
provision  Chat  conforms  with  investment  possibilities  In  Florida  citrus. 

Finally,  the  optimal  utilization  levels  of  ■labor"  Inputs  for  each 
given  technology  are  determined  by  the  conditions 

3f‘  3fl 

(2.12)  w(t)  - - M t , 

Sl(t.v)  fll(t.v) 


Condition  (2.12)  requires  that  the  marginal  value  product  of  labor  is 
equalized  across  all  vintages  and  all  technologies,  emphasizing  the 
possibilities  of  substitution  across  vintages  and  technologies. 

The  dynamic  behavior  of  citrus  Investment  and  supply  can  be 
characterized  through  optimal  paths  and  steady  states  derived  from  the 
optimality  conditions  (2.10)  through  (2.12).  With  regard  to  the  existence 
of  analytical  solutions  to  the  optimization  problem  (2.8)  and  (2.9), 
parallel  results  to  those  In  bellman  and  Hartley  and  Trlvedl  are  obtained 


here.  Specifically, 


existing  non-linearities 


necessitate 


objective  function  further  complicates  the  problem.  In  a similar  control 
problem,  Gould  established  that  unless  prices,  costs,  and  discount  rates 
could  be  considered  stationary,  analytical  solutions  would  not  be 

labor,  quadratic  costs  of  adjustment,  static  expectations,  and  single 
technology,  analytical  solutions  are  possible  (Ulckens  and  Greenfield). 
However,  the  value  of  such  solutions  is  limited  since  a large  portion  of 
the  dynamic  structure  of  perennial  input  demand  and  output  supply  have 


With  respect  to  Che  existence  and  of  a steady  state  where  a time 
invariant  distribution  of  capital  stock  is  realized,  Trlvedl  has  noted 
that  the  necessary  conditions  require  that  all  prices,  costs,  and 


investment  races  remain  constant  over  time.  Even  under  such  restrictive 
conditions,  however,  convergence  to  steady  state  may  not  be  possible  from 
any  initial  conditions.7  Based  on  the  same  arguments,  it  may  also  be 
argued  that  even  if  a unique  optimal  capital  stock  exists  for  a given  set 
of  prices,  it  is  not  clear  whether  it  is  attainable  from  any  initial 
capital  stock  with  a given  age  distribution.  Such  conditions  would  be  in 
agreement  with  Akiyama  and  Trivedi's  position  that  the  long  run  supply 
elasticity  may  not  be  well  defined  for  perennial  crop. 


■e  fruitful  notion  of  steady  si 


7 Probably  a 

productive  capacity  of  the  capital  s'tuue  isuier  tnan  i 
is  possible  that  productive  capacity  would  converge  to 
a richer  set  of  Initial  states  through  adjustments  it 


e stock  itself.  It 
. requires  further 


separate  Investment  possibilities  represent  differential  adjustment 

new  plantings  and  replantings  must  also  be  separately  explained  in  an 
appropriate  econometric  model.  Optimality  conditions  (2.10)  through 
(2.12)  indicate  that  planting  decisions  ore  dynamically  interdependent 

variable  for  all  investment  decisions  in  following  periods.  Furthermore, 
they  also  suggest  that  all  planting  decisions  are  Jointly  performed  in  any 
given  period.  Hence,  a theoretically  consistent  econometric  model  must 
allow  for  the  jointness  and  interdependence  of  the  planting  decisions  to 

In  addition,  condition  (2.12)  suggests  that  separate  relationships 
for  various  vintages  must  be  specified  which  allow  for  short  run  output 
adjustments  through  cultivation  decisions.  Such  relationships  must  be 
conditional  on  the  existing  capital  stock  and  its  age-yield  profile. 

The  relevant  exogenous  variables  which  will  be  used  as  explanatory 
variables  in  the  supply  response  econometric  model  can  also  be  Inferred 
from  the  optimization  problem.  These  variables  are  expected  real  prices, 
costs  of  production,  vintages  of  the  capital  stock,  and  exogenous  factors 
such  as  freezes  and  disease  infestations.  Finally,  in  the  absence  of 
conclusive  evidence  on  the  existence  of  a steady  state,  special  attention 
must  be  given  to  examining  the  dynamic  properties  of  stability  and 
controllability  of  the  Florida  citrus  supply  system. 


le  previous  chapter  illustrated  that  empirical 
studies  have  addressed  the  problems  associated  with  acreage  and  supply 
response  for  perennial  crops  with  only  partial  success.  The  most 

limitations  in  the  data.  Indeed,  such  constraints  ore  bound  to  appear 

for  structural  estimation  is  very  demanding.  Specifically,  time  series  on 


supply  response, 
annually  since  196! 


trial  photography  methods  are  utilized  for  the 
and  estimated  age-yield  profiles  for  different  Florida  c: 


Extended  ti 

Even  with  such  detailed  data,  direct  estimation  of  a 

cultivation  decisions  can  be  separately  exemined  in  structural  output 
relationships,  planting  decisions  cannot  be  Individually  estimated. 
Within  the  available  data  set  new  plantings  are  not  differentiated  from 
replantings , as  only  on  aggregate  category  of  total  citrus  plantings  Is 
being  reported.  Thus,  complete  structural  estimation  of  Florida  citrus 
supply  response  Is  restricted. 

The  value  of  such  a structural  approach  In  explaining  Che  dynamics 

It  Is  the  commitment  to  structural  estimation  of  Florida  citrus  supply 
that  leads  to  the  methodological  developments  of  the  subsequent:  sections 
in  this  chapter.  An  econometric  model  which  permits  structural  estimation 
of  planting  relationships  in  the  absence  of  detailed  data  for  the  separate 
planting  categories  is  analyzed  in  section  two.  The  underlying 

discussed  In  this  section.  The  conditions  for  empirically  investigating 
Che  dynamic  properties  of  stability  and  controllability  of  Florida  citrus 
planting  decisions  within  the  framework  of  Che  suggested  model  are 


c important  propercy  cl 


for  5 true  Curs  1 estimation  of  Florida  citrus  planting  relationships.  Such 
replantlngs  to  be  explicitly  and  separately  considered.  In  addition,  a 

interdependent.  Thus,  the  model  should  also  allow  such  dynamic  features 


t variables  (Coldberger, 


The  appropriate  structural  ei 
general  area  of  structural  models  with  lal 

contain  only  observed  variables  (b)  structural  models  which  include  latent 
factor  analysis)  and  (c)  structural  models  that  contain  latent  variables 

Florida  citrus  planting  activities. 

A structural  model  which  allows  ft 


Engle  and  Uatson.  The  general  form  of  d) 


(3.1b) 


yt  - <h  *t  + ft  <h 


observable  variables  which  can  influence  cirrus  plantings,  such  as  prices 
and  coses,  are  Che  instruments  zt  of  the  dynamic  system. 


In  terms  of  specifying  cots!  plantings,  the  measurement  equation 
(3.1b)  can  be  simplified  considerably.  By  definition,  new  plantings  and 
replantings  add  up  to  total  plantings.  If  this  additive  relationship  is 
considered  to  hold  exactly  for  ell  periods,  the  measurement  equation  may 

are  suspected,  stochastic  disturbances  may  be  added  to  the  measurement 


Based  on  these  simplifications  and  assuming  that  the  system  matrices 


specification  for  the  plantings  decision  model  becomes 


(3.2a) 

(3.2b)  yt  - n x* 

(3.2e)  xt-Ir.n,)- 


important  being  the  Kalman  filter. 


recursive  procedure  which  provides 


derivation  of  Che  Kalman  filter  here  is  based  on  the  assumption  that  both 
the  disturbance  vt  and  che  initial  state  vector  x0  are  normally 
distributed.  Under  these  conditions,  the  Kalman  filter  computes  at  each 
point  of  time  t the  conditional  mean  of  the  state  vector  Xt<  When  the 
normality  assumption  is  not  invoked,  the  Kalman  filter  still  provides  an 
optimal  estimator  for  Che  state  vector  in  the  sense  chat  it  minimizes  the 
mean  square  error,  but  there  is  no  guarantee  that  it  yields  Che 
conditional  mean  of  xt. 


up  until  period  k be  represented  by  x(|k. 
Further,  let  E,|k  denote  Che  covariance  matrix 
B(  <*i-*i|kJ  <*i-Xi|k) ' 1-Si|k.  The  Kalman  filter 

be  outlined  as  follows: 


c is  E[x,|y1,,..ykl-x,|k. 
specification  (3.2)  can 


(3.3.) 


<3.3b>  S.|M  - * r * V 

(3.3c>  Xt|t  - + Stit-i  o'  (a  S,|t.,  o')'1  (Yt  - 

(3.3d)  - Stlt-l  - St|w  “'<«  Stlt-."')'1  a 


Equations  (3.3a)  .1 


>e  prediction  eouatlons.  As  new  observations  on  the 
or  yt  become  available,  the  estimators  of  state  variable 
and  the  estimation  error  covariance  matrix  are  updated  through  the 
updating  eouatlons  (3.3c)  and  (3.3d). 

The  Kalman  filter  requires  as  starting  values  the  values  of  x„  and 
ip-  These  initial  conditions  are  set  equal  to  Xe|0  and  £o|0  in  the 
prediction  equations  which  are  evaluated  to  give  x^,,  and  Za|0.  The 
predicted  values  xI|0  and  E,|0  are  subsequently  substituted  in  the  updating 
equations  which  yield  xm  and  E,|l-  In  turn,  the  estimates  of  the  updating 
equations  are  substituted  back  in  the  prediction  equations  to  obtain  Xj|, 
and  Sm|i-  This  recursive  operation  continues  until  all  observations  on  the 
measurement  vector  have  been  utilized.  The  prediction  errors  i^-yt-mXtit-,, 
also  known  as  innovations,  play  a key  role  in  updating  the  estimator  of 
the  state  vector  in  (3.3c).  The  greater  the  innovations  are  the  greater 
the  correction  in  the  estimate  of  xt|t  will  be.  The  word  filter  is  hence 
utilized  to  Indicate  that  (3.3)  is  a devise  that  -purifies-  the  observed 


to  providing 


estimating  the  system  parameters  in  4.  7,  and  V based  on  maximum 
likelihood  principles. 

Maximum  Likelihood  Estimation  of  the  System  Parameters.  In  the 
classical  maximum  likelihood  approach,  a Joint  probability  function  is 
initially  specified  for  T sets  of  Independently  and  identically 
distributed  random  variables  yi,..,yT  as 

(3.4)  h(yt,*)  - [J  p(yt) , 


where  p(yt)  is  the  joint  density  function  of  the  set  yt.  For  a given  set 
of  observed  y,. . . .y„  L(yt,«)  is  explained  as  the  likelihood  function  which 
indicates  the  plausibility  of  8 given  the  observed  sample. 

Hovever,  such  an  approach  is  not  immediately  relevant  to  the 
measurement  vector  yt  since  its  realizations  at  any  period  t depend  on 


realizations  of  previous  periods  i 
the  joint  probability  function  foi 
in  terms  of  its  conditional  density  function 


specified 


(3.5)  «y t.«)  - p(yt|yt-i....yi). 

This  specification  of  the  joint  probability  distribution  results  from  the 
realization  that  p(yi. . . .yi)-p(yi, . . ,yI.,)p(yI|y1. . . ,y,.,) , which  through 
repeated  substitutions  for  t-l,..T  yields  (3.5). 

Since  the  disturbances  vt  in  (3.2a)  and  the  initial  state  x0  are 
assumed  to  be  normally  distributed,  it  follows  that  the  conditional 


distribution 


xt“xt|t-l'f (xt'!tt|t-l)  • In  particular,  the  measurement  equation  can  be  re- 


(3.6)  y,  - oxt|t_,  + • 

Taking  expectations,  the  mean  and  the 
distribution  (ytlyi-i.  • • ,yi)  are  found 

(3.7a)  Ky«|y»-i. --.yi)  - 

(3.7b)  Ht  - B(ye-yt|t.1)(ye-yt|t.l) 


covariance  matrix  of  the  conditional 


Given  the  normality  of  the  distribution  (yelyc-r.  * • .yi)  30(1  che  results  in 
(3.7),  the  logarithmic  expression  of  che  likelihood  function  (3.S)  will  be 


(3.8a>  L(yt,«)  -constant 


-1/2  l log | Ht  | -1/2  l (yt-yl|t-i)'Ht-'(yt-yt,|l-1) 


3.8b)  L(yt,«)  -i 


t -1/2  j;  log |Ht|  -1/2  l 


are  che  prediction  errors.  This  form  of  the  likelihood  function 

: any  given  parameter  vector  I.  which  Includes  the  system 
d.  7,  and  V,  and  a given  sec  of  observations  y1,..,yT  the 
provides  the  values  of  the  Innovations  and  covariance 
this  manner,  L(yt,8)  becomes  a function  of  the  p, 


vector  9 alone.  Hence,  the  likelihood  function  (3.8)  can  bo  maximized 

estimates  of  the  parameters  in  6 , 7,  and  V.  Typically,  Che  maximization 
is  carried  out  through  numerical  optimization  techniques.  When  the  number 
of  parameters  to  be  estimated  is  large,  efficient  algorithms  may  be 

asymptotic  properties  of  the  maximum  likelihood  estimator  in  (3.8)  under 
some  limiting  conditions  have  been  discussed  by  Pagan. 

that  the  initial  values  of  the  filter  Xo  and  are  known.  In  most  cases, 

s rarely  available.  Chow  (1983),  discusses  a method  which 
to  estimate  the  initial  values  by  utilizing  the  first  m 
a being  the  number  of  state  variables  in  the  system. 
Alternative  procedures  for  univariate  y6,  which  are  of  interest  in  this 
study,  are  discussed  in  Harvey  and  are  outlined  below. 

Theoretically,  the  initial  values  of  the  Kalman  filter  should  be 
equal  to  the  mean  and  covariance  matrix  of  Che  unconditional  distribution 


(I-d)  7 and  its  covariance  matrix  is  the  solution  to  the  equation 
Equivalently,  Che  initial  value  of  the  state  vector  Xq  may  be  sec 
zero  while  the  initial  value  of  Che  covariance  matrix  So  is  still 


In  the  absence  of  proper  priors  for  x„  and  E,,  non  informative  or 
diffuse  priors  may  be  employed.  For  example,  secting  x,,-0  and  2^,-kI, 
where  k is  a large  positive  scalar  and  I is  the  identity  matrix,  yields  a 


alternative  approach  in  dealing  with  the  initial  conditions  in  non- 
statlonary  models  is  to  regard  the  initial  state  vector  x0  as  fixed,  in 


considered  unknown  and 
have  important  implications  for  tl 


extra  parameters  in  the  model, 
i initializing  the  Kalman  filte 


the  properties  of  the  estimators.  Specifically,  alternative  likelihood 

about  the  initial  values  Xq  and  Sq.  When  proper  priors  exist  for  Xq  and  To  , 
the  Kalman  filter  generates  the,  so  called,  exact  likelihood  function  of 

In  the  absence  of  proper  prior  information,  a diffuse  prior  with  x0-O  and 
So-kl  may  be  used  to  derive  the  exact  likelihood  function.  Although  for 
large  size  samples  the  initial  conditions  ultimately  be 


in  cases  that  the  initial  conditions  appear  to  have  a significant  impact 
on  the  empirical  estimates  of  the  exact  likelihood  function  alternative 
routes  are  available.  For  example,  extensions  of  the  Kalman  filter  which 
do  not  depend  on  the  initial  conditions  may  be  used  to  derive  the  exact 
likelihood  function  (Ansley  and  Kohn) . 

A parallel  initialization  procedure  is  to  estimate  the  initial 
values  of  x^,|.  from  the  first  m observations  or  from  a diffuse  prior,  and 
set  2^,] | . equal  to  its  steady  state  value.  The  steady  state  value  £‘  of 


5s*i|a>  can  be  estimated  by  running  Che  Rlccatl  equation1  iteratively  until 
it  converges  in  E".  In  this  case,  an  alternative  estimator  with  the  same 
asymptotic  distribution  as  the  maximum  likelihood  estimator  in  (3.8)  can 
be  derived  by  minimizing  Che  sum  of  the  squared  Innovations  given  by: 

(3.9)  S(y„«)  - l ,it. 


steady  state  value  H' , it  follow 
(3.8)  and  minimization  of  (3.9)  w 


(3.2b)  a reduced  form  of  Che  stat 
is  expressed  exclusively  in  term 


a-space  model  can  be  obtained  in  which  yt 
s of  the  observable  Xo,  zt  and  a complex 


(3.10)  yt  - o*1  Xo  + l #‘-3zJ4«  I t'-I  V,  C-1...T. 

J-l  j-1 

This  system  can  be  estimated  through  maximum  likelihood  procedures  or 
alternatively  by  using  the  GL5  formulation  proposed  by  Rosenberg.  A 
maximum  likelihood  estimation  of  (3.10)  can  be  found  in  Kalaltzandonakes 
and  Shonkwiler. 


1 The  Rlccatl  equation  is  a relationship  vhlch  may  be  derived  by 
combining  the  prediction  equation  (3.4b)  and  the  updating  equation  (3.4d) 
into  a single  recursion.  The  Rlccatl  equation  then  is  given  by: 

S»l|t  - «' (a  Etit-io')'1  a Eti,.,)*'  + W. 


In  modelling  dynamic  systems,  Che  properties  of  stability,  and 
controllability,  contribute  meaningful  information  about  the  dynamic 

properties  of  stability,  and  controllability,  are  reviewed  below  within 
Che  framework  of  a deterministic  state-space  model,  such  as  the  one 
resulting  from  (3.2)  when  vt  is  ignored. 

system  to  return  Co  its  equilibrium  position  following  a small 
displacement.  In  the  absence  of  analytical  conditions  for  the  existence 
of  a steady  state  in  Florida  citrus  planting  activities,  it  is  even  more 
important  to  explore  their  stability  properties.  The  stability  of  the 
deterministic  system  (3.2)  can  be  decided  by  estimating  the  eigenvalues  of 
Che  transition  matrix  i> . Specifically,  a necessary  and  sufficient 
condition  for  stability,  is  thee  the  characteristic  roots  of  t have 
modulus  less  than  one  (Chow  1975). 

The  property  of  controllability  arises  when  the  feasibility  of 
specific  time  paths  using  possible  instruments  is  investigated.  A 
deterministic  system  as  in  (3.2),  is  said  to  be  (completely)  controllable 


interval.  The  policy  implications  of  such  property  for  Florida  citrus 
planting  investments  are  apparent.  Through  the  property  of 
controllability  it  may  be  possible  to  provide  some  evidence  as  to  whether 


s subsidies  or  raxes, 
le  initial  level  e< 


a sec  of  economic  instruments,  such  at 
state-space  framework  becomes  a matrix  rank  qualification.  This  condition 


where  Qt-[dt'17.dt'i7, . . .dr.y)  and  z‘-(*o>*i. . . ,xt.,]  * . Controllability  of 
the  system  Chen  is  concerned  with  the  existence  of  solutions  to  the 
algebraic  system 


(3.12) 


x‘t  - 


Qe 


a solution  to  (3.14)  e: 


Che  matrix  (d^'y 

:e  variables  (Aoki). 


The  conditions  of  stability  and  controllability 
conditions  remain  applicable  in  the  stochastic  fi 


i deterministic 


stochastic  system  stability 


determined  through  the  properties  of 


Che  transition  matrix  d (Chow  1975) . Furthermore , the  deterministic 

concept  of  controllability  remains  valid,  only  the  deterministic 


The  developments  in  section  two  illustrated  that  the  dynamic 

structural  model  of  Florida  citrus  plantings.  The  unobserved  new 
plantings  and  replantings  are  explicitly  and  separately  considered  in  the 

Information  is  accessible,  as  a special  case. 

Aoki  has  demonstrated  that  a great  variety  of  dynamic  systems, 
including  linearized  approximations  of  nonlinear  systems  and  reduced  form 
dynamic  systems,  can  be  transformed  into  Che  standard  state-space  form. 
Moreover,  In  terms  of  statistical  specification  Che  state-space  model  is 
also  Inclusive  of  a large  number  of  econometric  models.  Watson  and  Engle 
have  shown  that  linear  regressions,  integrated  autoregressive-moving 
average  time  series  models  (AR1HA) , time  varying  coefficient  regressions, 
and  a number  of  unobserved  components  models  are  all  special  cases  of  the 


usually  employed  to  represent  planting  and  cultivation  relationships. 
These  linear  systems  are  often  justified  as  approximations  to  the  true 
underlying  dynamic  supply  systems  of  perennial  supply.  Since  such  linear 


systems  could  be  transformed  in  the 


e substitute  for 


detailed  data  allow  direct  structural  el 
general  Kalman  filter  approach  could  also  b 

non-stationary  (Trlvedl,  Akiyama  and  Trivedi) , the  Kalman  filter  may  be 
used  to  estimate  and  test  for  time  varying  price  coefficients  (Garbade). 
Furthermore , Kalman  filter  is  a preferable  estimation  procedure  over 
ordinary  least  squares  in  the  presence  of  multicollinearity  in  the  design 
matrix  (Watson). 


EMPIRICAL  SPECIFICATIONS  AND  RESULTS 


inual  output  of  Che  Florida  cicrus  industry  can  be  varied  in  the  shore 
in  through  adjustments  in  the  variable  input  utilization  races  and  in  the 

o changing 


The  insights  gained  through  Che  preceding  developments  are  utilized 

relevant  structural  relationships  for  cultivation  and  planting  activities 
of  Florida  citrus.  The  particular  empirical  specifications  of  the 

section  two.  Econometric  estimation  of  these  relationships  necessitates 


cultivation  and  planting  decisions,  into  estimable  forms.  The  principle 
of  economically  rational  expectations  (Flege  and  Pierce)  is  employed  to 
characterize  the  price  expectations  of  Florida  cicrus  growers.  The 


from  observed  price  series  of  various  Florida  citrus  varieties  are  also 
discussed  in  section  two.  The  estimation  procedures  and  the  empirical 


results  for  Florida  citrus  planting  and  cultivation  decisions  are 
presented  in  section  throe. 


,t  Modeling  Considemivn 

optimization  problem  (2.8)  and  (2.9)  provided  some  guidance  with  regard  to 
the  variables  which  may  be  important  in  explaining  Florida  citrus 
replanting  and  new  planting  investments.  For  new  plantings,  the  derived 
optimality  conditions  suggest  thet  the  firm  invests  in  new  citrus  trees  up 
to  the  point  that  the  stream  of  discounted  nee  revenues  acquired  over  the 


the  initial  investment  f 


prices  and  production  coses  in  appraising  the  flow  of  nee  revenues,  and 
the  costs  of  land  and  capital  in  evaluating  the  initial  investment.  The 
optimality  conditions  further  indicate  that  new  planting  investment  in  any 
given  period  depends  on  the  tree  stock  of  Che  previous  period  which 
constitutes  the  initial  condition  for  the  firm's  optimal  control  problem. 
In  addition,  the  optimality  conditions  imply  chat  the  firm's  new  planting 

replanting  decisions  in  the  previous  period. 

price  of  alternative  crops  affect  Che  perennial  planting  decisions.  Such 
specifications  can  be  justified  on  the  basis  of  a seal -Marshallian 


offered  in  (2.8)  and  (2.9).  Florida  oranges  and  grapefruit  compete  for 
land  and  financial  resources  and  it  is  reasonable  to  assume  that  the 

costs  for  the  other  by  the  Florida  citrus  growers. 

Based  on  the  above  considerations,  it  appears  that  changes  in  real 

previous  period  tree  stock,  and  past  new  plantings  and  replantings  could 
potentially  influence  new  planting  activities  of  Florida  citrus.  A 
complete  time  series  on  establishment  costs  for  Florida  citrus  groves, 
however,  is  not  available.  To  overcome  this  constraint,  it  is  assumed 
that  production  and  investment  costs  have  moved  in  a parallel  manner  over 
the  period  of  interest.  Thus,  variations  in  expected  prices  and 
production  costs  are  assumed  to  sufficiently  approximate  changes  In  the 
expected  profitability  of  Florida  citrus. 

Replantings  of  Florida  citrus  are  mainly  undertaken  to  replace  trees 

losses  from  diseases  and  pest  Infestations  are 


Marshallian  specification  results  from  a partial  equilibrium  setti 
which  presumes  that  all  ocher  commodity  markets  are  In  equilibrium. 

price.  In  the  case  that  two  commodities  are  simultaneously  considered 
while  all  ocher  markets  are  assumed  in  equilibrium,  Che  derived  supply 

semi-Marshallian. 


I ?!  i 


if  previous  periods  along  with 
> be  important  influences  i 


ton  periodic 
generating 


Frost  the  firm's  optimization  problem  and  the  derived  optimality 
conditions  it  may  be  inferred  that  replentings  of  Florida  citrus  are 

relative  to  the  expected  revenue  flows  that  the  resets  would  generate  over 

Florida  citrus  firm.  Costs  of  adjustment  and,  in  some  cases,  availability 

replantings  of  Florida  citrus.  In  particular,  fixed  costs  of  "pushing" 

cultural  practices  required  for  the  resets  Induce  firms  to  replant  every 
two  or  even  three  years  so  that  fixed  costs  ere  allocated  among  a greater 
nunber  of  trees.  Finally,  the  optimality  conditions  suggest  that,  as  with 

Having  identified  the  factors  which  are  theoretically  expected  to 
affect  planting  decisions  of  Florida  citrus,  structural  relationships  to 
be  empirically  estimated  may  be  specified  for  new  plantings  and 
replantings.  Some  care,  however,  must  be  taken  in  the  econometric  design 
of  the  empirical  model  in  preserving  degrees  of  freedom  as  only  twenty- two 


In  specification  (4.1),  real  prices 
nominal  price  Co  production  coses.  Prices  p"e 
real  price  of  Florida  citrus  and  Che  expei 


p"t  and  p°t  denote  the  expected 
planting  decisions. 


The  variable  vt  is  an  index  of  freeze  severity  based  on  estimated  freeze- 
induced  losses  of  Florida  citrus  craes  while  c6  represents  replanting  costs 
and  are  considered  Co  influence  only  the  replanting  decisions.  Actual 
total  plantings  yt  are  normalized  by  the  previous  period  total  tree  stock 
and  subsequently  multiplied  by  one  hundred.  Thus,  replancings  and  new 
plantings  are  expressed  as  percentages  of  the  previous  period  tree  stock. 

Outnut  Relationships.  In  examining  cultivation  decisions  for 
Florida  citrus,  it  is  of  interest  Co  specify  structural  relationships 
which  explain  short  run  output  adjustments  performed  in  response  Co 
economic  stimuli.  The  empirical  specifications  of  such  output 
relationships  employed  here  follow  theoretical  developments  introduced  by 
Trivedi  and  Akiyama  and  Trlvedi. 

feasible  output  Q*(t)  i. 


l average  age -yield  profile,  total 


Q'(t>  - S M<v)  k 


distribution  1: 


the  existing  capital  stock  and  Its  age 
given  period. 

A solution  to  the  optimization  problem  of  the  Florida  citrus  firm 
would  Imply  that  for  any  given  time  path  of  expected  prices  and  costs 
there  exists  a profit  maximizing  path  of  variable  Input  levels  and 
associated  set  of  vintages.  These  capital  and  "labor”  Input  levels  would 
in  turn  imply  a profit  maximizing  level  of  output  defined  as  planned 
output  Qtft) . The  firm  attempts  to  attain  this  profit  maximizing  level  of 
output  In  every  given  period  through  both  short  run  and  long  run  output 

gestation  and  full  production  lags  present  in  Florida  citrus  cultivation. 
The  profit  maximizing  output  levels  for  period  T+L  as  perceived  by  the 
firm  in  periods  T and  T+L-l  would  coincide  only  if  Che  original 
expectations  of  the  firm  were  fully  realized.  If  Che  firm's  expectations 

rents  of  the  fixed  factors  in  period  T+L-l  by  adjusting  the  variable  input 


output  of  the  firm  in  any  given  period  will  deviate  from  planned  output 
due  to  the  divergence  of  the  actual  and  expected  prices  as 


(*.3) 


2i!>-  H [ 1 + u<t); 

WO  p*(t) 


where  H is  some  unknown  function  and  u represents  the  unexplained  portion 
of  the  deviation  between  Q(t)  and  Q^t) . This  unexplained  portion  includes 

as  productivity  gains  due  to  technical  change.  Utilizing  the 
i (4.3),  and  given  that  the  relationship  Q(t)-Q»(t)  IQ(t)/Q»(t)) 


adjustments  of  the  firm  in  previous  periods,  planned  output  would  equal 
feasible  output  in  any  given  period  if  the  average  yield-age  profile  p(v) 
remained  unaffected  by  short  run  output  adjustments.  However.  Che  yields 
in  any  given  period  may  be  influenced  by  previous  period  variable  input 
utilization  levels,  such  as  fertilizer  applications.  Hence,  the 
relationship  between  planned  and  feasible  output  may  be  described  as 


where  prices  p(t-l) , . . ,p(t-s)  denote  the  dependence  of  current  yields  on 
past  input  utilization  levels,  and  e(t)  represents  random  disturbances. 
Since  Qp(t)^)f£t)  [(^(tJ/Q^t)  ] holds  by  definition,  Q^t)  may  be  expressed 


(4.6) 


Q(t)  -Q'(t)  P p(t-l),...p(t-»))  +v(t). 


(4.8)  - o„  + a,  V,  + o2  Tt  + a,  + o,  pt.2  ♦ «, 


over  cine.  The  price  redo  Pt-i/PVi  1*  used  CD  represent  Che  effects  of 
the  deviations  of  actual  prices  from  expected  prices  on  the  short  run 
output  adjustments  of  the  firm.  Lagged  prices  Pt-2  allow  for  possible 
effects  of  past  input  utilization  levels  on  current  yields.  All  Che 
prices  in  Che  above  specification  are  derived  as  the  ratio  of  actual  price 

Prirp.  Expectations.  Present  in  both  the  planting  relationships 

Florida  citrus  firms.  However,  such  price  expectations  are  not  directly 
observable  by  the  economic  analyst.  A common  approach  in  empirically 
evaluating  price  expectations  is  to  employ  a proxy  or  a model  of 
expectation  formation. 

Various  price  expectation  models  have  been  utilized  in  the  perennial 

forms  is  generally  considered  an  important  limitation.  However, 
theoretically  consistent  rational  expectations,  which  are  Che  forecasts 
from  an  appropriate  economic  model  that  the  firms  may  employ,  have  rarely 


Information  in  forming  forecasts  and  the  implied  costs.  Flege  and  Pierce 


suggested  an  alternative  approach  to  expectation  Conation  vhlch 
emphasizes  the  efficient  use  of  readily  available  information.  The 

betveen  rational  expectations  and  ad  hoc  specifications. 

Within  the  framework  of  economically  rational  expectations.  Florida 
citrus  firms  are  expected  to  utilize  readily  accessible  information  in 
forming  price  forecasts.  One  relative  inexpensive  approach  in  obtaining 
forecasts  of  future  Florida  citrus  prices  is  to  consider  Che  information 
contained  in  Che  series  of  past  prices. 

given  time  series  requires  the  modeling  of  the  stochastic  process 
underlying  the  time  series  of  interest.  Box  and  Jenkins  have  proposed  an 

appropriate  model  has  been  estimated,  its  overall  adequacy  can  be  tested 
by  the  Q statistic  (Fiege  and  Pierce)  which  may  be  calculated  as  follows: 


Q-h  l ; 


Q statistic  follows  a chi-square  distribution  with  T-p-q  degrees  of 


order  of  the  moving  average  process  of  the  estimated  model, 
that  the  estimated  value  of  Q exceeds  Che  appropriate  chl-sc 


considered  inadequate. 


Che  price  series  of  Florida  lace  oranges,  early-midseason  oranges,  and 
cocal  oranges,  vhice  grapefruic,  colored  grapefruic,  and  cocal  grapefruic 

early-midseason.  and  cocal  oranges  can  be  nodeled  by  aucoregressive 
processes  of  order  four.  A Langrange  mulclpller  cesc  of  Che  hypochesis 
chac  all  lags  are  equally  velghced  yielded  chi-square  scaclsdcs  of  9.18 

oranges  vlch  four  degrees  of  freedom.  Hence,  Che  above  hypocheses  could 

nidseason  and  Cocal  oranges.  In  a similar  manner,  1c  was  found  chac  Che 
expecced  real  price  of  Florida  whice,  colored,  and  cocal  grapefruic  can  be 
represenced  by  aucoregressive  processes  of  order  chree.  A Langrange 
mulclpller  CesC  of  Che  hypocheses  chac  Che  coefficiencs  of  Che  lags  were 
each  1/3  yielded  chi-square  scaclscics  of  6.99  for  cocal  grapefruic,  5.32 
for  colored  grapefruic.  and  7.37  for  whice  grapefruic  wich  chree  degrees 
of  freedom.  Thus,  Che  hypocheses  could  noc  be  rejecced  ac  Che  .05  level 
and  Che  use  of  lagged  chree  year  price  averages  were  considered 
appropriace  expecced  prices  for  whice,  colored,  and  cocal  grapefruic. 

The  overall  adequacy  of  Che  escimaced  models  of  price  expeccaclons 
were  cesced  chrough  Q scaclscics  calculaced  according  co  (4.9). 
AuCocorrelacion  for  innovacions  up  Co  eighc  periods  aparc  (ie  T-8)  were 
considered  in  evaluaclng  Che  Q scaclscics  for  all  escimaced  models.  The 
Q scaclscics  for  cocal,  early-midseason,  and  lace  oranges  were  found  Co  be 
4.91,  5.96,  and  2.90  respecclvely  and  hence  lower  chan  che  cabular  value 


of  a chi-square  distribution  v 
level.  In  a similar  manner, 


i four  degrees  of  freedom  at  the  .05 
a Q statistics  for  total,  white,  and 

•tare  distribution 


consequently  loafer  than  the  tabular  value  of  f 


leal  Results 


investment  of  various  citrus  varieties  within  the  specification  (4.1)  can 
be  accomplished  with  various  estimators  discussed  in  chapter  three. 
Estimators  (3.8),  (3.9),  and  (3.10)  were  initially  employed  to  estimate 
new  plantings  and  replantings  for  all  citrais  varieties  of  Interest.  One 
regularity  observed  in  all  estimated  models  was  the  statlonarity  of  the 
Kalman  filter  which  converged  to  its  steady  state  exponentially  fast. 
This  implied  that  the  estimators  (3.8)  and  (3.9)  could  be  considered 
approximately  equivalent.  However,  estimator  (3.9)  appeared  more  robust, 
converged  faster,  and  unlike  the  maximum  likelihood  estimator  (3.8)  its 
ability  to  converge  exhibited  little  sensitivity  to  the  Initial  parameter 
values  used  to  initialize  the  algorithm.  Investigation  with  suitable 

Overall,  estimator  (3.9)  provided  parameter  estimates  closer  to  the  true 
parameter  values  and  exhibited  less  sensitivity  to  the  initial  parameter 
values  supplied  to  the  algorithms.  Based  on  these  qualifications. 


oscillator  (3.9)  was  utilized  in  estimating  Che  new  planting  and  replanting 
relationships  of  Florida  citrus  presented  in  this  study. 

in  (3.9),  requires  initialisation  of  the  Kalman  filter  with  the  values 
of  x0  and  Eg.  With  regard  to  the  Initial  value  of  the  state  vector  Xo,  an 
Informed  prior  was  assumed  available.  Specifically,  the  initial  values  of 
no  and  r0  were  arbitrarily  set  equal  to  two  thirds  and  one  third  of  the 
known  value  of  y0,  across  all  citrus  varieties.  Given  that  the  sample  data 
begins  in  the  1966*67  season,  the  above  allocation  implies  chat  new 
plantings  accounted  for  two  thirds  of  the  total  plantings  during  the  1965- 
66  season  while  Che  rest  was  replacement  Investment.  This  is  consistent 
with  Che  fact  that  the  Florida  citrus  industry  experienced  substantial 
growth  during  the  lace  1960s. 

For  the  Initialization  of  the  covariance  matrix  E,  two  different 
approaches  were  initially  attempted.  First,  Eg  was  specified  according  to 
a diffuse  prior  kZ,  where  k is  a large  integer,  and  second  £g  was  set  equal 
to  its  steady  state  value  £*  iteratively  derived  through  the  Rlccacl 
equation.  Since  both  approaches  yielded  similar  results,  the  simpler 
diffuse  prior  Zo-kl  was  employed  in  the  final  derivations. 

relationships  specified  according  to  (4.1)  were  estimated  for  late,  early- 
raidseason,  and  total  oranges,  as  well  as  white,  colored,  and  total 
grapefruit  over  the  period  1966-67  to  1987-88.  Time  series  data  on 
plantings,  total  tree  stock,  prices,  costs,  and  calculated  freeze -Induced 
tree  losses  were  ucillzed  for  the  estimations.  These  data  are  presented 
and  discussed  in  Appendix  A.  In  Che  initial  estimation  of  the  planting 


noc  statistically  different  from 
these  reasons,  replanting  costs 
f replanting  t 


relationships,  replanting  costs  ct  were  f 
expectations,  a positive  sign  and  to  be 

planting  relationships  are  evaluated  in  several  different  ways.  First, 
the  overall  efficiency  of  the  estimated  models  in  explaining  the 
variability  of  the  observed  data  is  evaluated.  A measure  of  fit  ,Rl, 

autocorrelation  p are  derived  from  the  estimated  innovations  in  yt.  In 
addition,  the  projected  total  plantings  obtained  from  the  estimated  models 
are  compared  to  che  actual  total  plantings  in  order  to  identify  the 
ability  of  the  models  to  capture  the  year  Co  year  variation  in  Che 
observed  series.  The  plausibility  of  the  calculated  values  of  Che 

conclusive  method  could  be  identified  for  testing  Che  accuracy  of  the 
projected  unobserved  components,  several  different  criteria  are  ucilized 
in  evaluating  them.  For  example . in  cases  where  new  plantings  are  implied 
by  Che  estimated  models,  a parallel  net  growth  in  the  bearing  tree  stock 
after  a four  year  gestation  period  is  anticipated.  Such  patterns, 
however,  are  valid  only  for  periods  where  che  bearing  tree  stock  has 
remained  unaffected  by  major  tree  killing  freezes. 

relationships  are  evaluated  by  comparing  then  to  a single  equation  reduced 
form  specification  of  Florida  citrus  total  plantings.  A model  which  has 


been  frequently  used  In  perennial  crop  supply  analysis  is  Che  Nerlovian 
partial  adjustment  model  (Askari  and  Cummings) . If  total  plantings  of 


b <y\  - 


where  y‘t  denotes  the  "desired 
actual  plantings  yt  adjust  in 

opportunity  costs  p°tl  and 
losses.  Price  expectations 
hypothesis  of  economically  i 
into  (4.10a)  results  in  a sing 


vhere  o0-ba0.  o,-l-b, 
specification  (4.1)  and  the 


level  of  total  plantings  towards  which 
sny  given  period,  b is  the  adaptation 

a linear  function  of  expected  prices  p"t, 
al  expectations.  Substitution  of  (4.10b) 


-baj,  and  o.-bs,.  The  single  equation 

eported  in  Table  4.1. 
statistically  different  from  z 


Expected  real  prices  of  late  oranges  wer 
positive  effects  on  new  plantings  as  denoted 


new  plantings 
framework  of  : 


dynamically 

jund  to  have  significant 
parameter  estimate  722- 


total  grapefruit,  were  found  to  have  significant  negative  effects  on  late 
orange  new  plantings  as  indicated  by  the  parameter  estimate  733.  These 
findings  suggest  that  growers  engage  in  new  plantings  of  late  oranges  when 
their  relative  profitability  is  expected  to  increase.  Early-midseason 

parallel  to  each  other  over  time  causing  multlcolllnearlty  problems  in 

Consistent  with  a priori  expectations  are  the  effects  of  tree- 
killing  freezes  on  replantings.  Specifically,  freeze- induced  tree  losses 
were  found  to  generate  significant  replanting  activity  measured  by  the 
parameter  estimate  7U.  The  weather  variable  vt  which  measures  the  effects 
of  such  losses  on  replanting  activities  entered  the  model  with  a three 
year  lag.  However,  weighted  averages  of  the  tree  losses  with  two  and 

Several  different  lag  structures  were  attempted  in  specifying  Che 
effect  of  tree-killing  freezes  on  late  orange  replantings,  since  several 
factors  indicated  that  losses  induced  by  a freeze  in  any  given  season 
would  likely  affect  replantings  for  several  subsequent  periods.  Ac  the 

a freeze  as  well  as  credit  restrictions  often  force  the  firm  to  replant 


young  cress  for  resecs  have  In  many  esses  rescrained  immediate 
replacements  of  Che  damaged  crees.  Specifically,  Che  regular  nursery 
scock  is  usually  noc  sufficienc  co  sacisfy  Che  excess  demand  for  young 
crees  following  dlscracclve  freezes.  In  Che  early  1980s,  widespread 

problems  of  resec  avallabillcy. 

The  overall  adequacy  of  Che  esclmaced  model  in  explaining  Che 
variacion  of  lace  orange  planclng  accivicies  is  llluscraced  in  Figure  4.1, 
where  both  Che  accual  cocal  plantings  of  lace  oranges  and  chose  projected 
by  Che  esclmaced  model  are  piccured.  The  esclmaced  model  appears  Co  have 
Craced  Che  observed  lace  orange  plantings  fairly  closely  over  Che  period 
of  lnceresc.  In  addition,  Che  model  has  adequately  captured  Che  escalated 
plenclngs  in  lace  oranges  in  Che  last  cwo  seasons  considered  in  this 
analysis.  As  depicced  in  Figure  4.3,  a large  portion  of  these  plantings 
is  regarded  as  replanting  acclvicy  directed  Cowards  replacing  crees 


New  plantings  derived  from  Che  esclmaced  model  are  llluscraced  in 
Figure  4.2.  Tho  estimated  model  indicates  chat  minimal  new  plantings 
occurred  in  Che  1970s  while  new  investment  grew  at  an  average  annual  race 
of  almost  1.5  percent  of  Che  existing  cree  scock  in  the  lace  1960s  and  in 

Specifically,  Che  period  of  limited  new  plantings  coincides  with  the 


I 

I 


Estimated  Replantings  of 


during  periods  of  higher  prices 


The  dynamic  properties  of  Che  estimated  system  of  new 
replantings  were  Investigated  and  within  this  framework  the  c 


that  the  estimated  plantings  syscen  of  lace  oranges  is  dynamically  stable. 
In  addition,  the  rank  of  the  matrix  |dyiy]  was  examined  in  order  to  assess 
the  controllability  of  the  estimated  system.  The  matrix  [^7,7]  was  found 
to  have  full  rank  equal  to  two  and  hence  some  evidence  is  provided  that 
policy  instruments  could  be  used  to  direct  the  productive  stock  of  the 
industry  towards  a desired  level,  in  case  that  such  objectives  were  of 

A single  equation  reduced  form  model  of  lace  orange  plantings  was 
also  estimated  according  to  specification  (4.11)  and  the  derived  results 
are  preaented  in  Table  4.2.  The  results  indicace  that  the  explanatory 
power  of  dynamic  unobserved  specification  is  greater  than  that  of  the 
reduced  form  specification.  Furthermore,  the  estimated  autocorrelation 
coefficients  suggest  that  the  estimated  errors  in  the  reduced  form 
specification  exhibit  some  serial  correlation  not  present  in  the  estimated 
disturbances  of  the  structural  specification.  More  Important,  however, 
are  the  different  implications  of  Che  two  specifications  on  the  price 
responsiveness  of  lace  orange  producers.  Contrary  to  the  derived  results 
in  the  structural  specification  of  lace  orange  planting  activities,  no 


statistically  significant  correlation 


As  vith  late  oranges,  i 
found  to  be  positively  related  vith  expected  real  prices  and  negatively 
with  opportunity  costs.  Thus,  it  nay  be  concluded  that  early-midseason 
orange  growers  act  in  an  economically  consistent  manner  and  engage  in  new 

that,  ceteris  paribus,  in  periods  of  high  prices  some  net  growth  in  Che 


caused  by  freezes 


estimated  model  in  order  to  appraise  its 
year  observed  variations.  The  actual  j 
midseason  plantings  are  pictured  in  Figure 


found  to  Induce  greacer 
The  weather  variable  vt, 

ability  to  explain  the  year  to 
ind  predicted  values  of  early- 


r Estimates  of  Early-Ki 


three  year  period  1981-82  Co  1984-85,  Che  estimated  model  appears  at 
explain  a substantial  pare  of  Che  observed  fluccuacions  in  early-mi 

planclngs  observed  in  Che  lose  evo  seasons  was  accribuced  by  Che  esclmaced 
model  Co  Increased  replanning  accivicy  which  is  depicced  in  Figure  4.6. 

New  planclngs  obealned  from  Che  esclmaced  model  are  piccured  in 
Figure  4.5.  New  plancing  accivicy  was  racher  insignificant  over  Che  1970s 

a average  annual  race  of  almost  two  percent  of  Che  total  tree  stock.  The 
plausibility  of  Che  esclmaced  races  of  new  planclngs  was  indirectly 
examined  by  analyzing  Che  net  growth  in  Che  early-midseason  bearing  tree 
stock.  Such  indirect  approach  was  utilized  Co  consider  nec  grouch  of 
bearing  acreage  until  Che  1979-80  season,  due  Co  Che  face  Chat  subsequent 
tree-killing  freezes  did  noc  allow  such  regularities  Co  be  idenclfied. 
However,  for  Che  period  Chat  such  comparisons  were  possible  ic  was  found 
that  new  plantings  and  nec  growth  in  Che  bearing  tree  scock  four  years 

The  dynamic  stability  of  Che  escls 
system  may  be  readily  identified.  Since  #u-d„-0,  chi 
roots  of  Che  * matrix  are  equal  to  *n-0.966  and  *2,-0 . 3 
Hence,  since  both  roots  lie  wichln  Che  unit  circle  ic  ii 
Che  system  is  dynamically  scable.  The  dynamic  e: 


plancing 
characcerlsdc 
.0  respectively. 

system  was  also 
crix  1*7.,]  was 
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Figure  4.6.  Estimated  Repiantings  of  Early-Midseason  Oranges. 


early -midseason 


specification  In  terns  of  explanatory  power  and  statistical  significance 

Total  oranges.  Planting  activities  for  total  oranges  were 
Investigated  within  the  framework  of  a dynamic  unobserved  components 
structural  model  and  the  estimated  parameters  are  reported  in  Table  A. 5. 
Some  evidence  of  dynamic  interdependence  between  new  planting  and 

plantings  although  such  evidence  could  not  be  identified  for  the  separate 
The  estimated  coefficient  in  was  statistically 
id  negative  suggesting  that  previous  replanting 
w investment.  Hence,  high  rates  of  replantings 
which  increase  the  expected  future  productive  capacity  of  the  total  orange 
industry  are  likely  to  discourage  new  investors  from  entering  the 
Industry.  The  estimated  coefficient  di2  “as  not  statistically  different 
from  zero  and  therefore  an  influence  from  new  plantings  on  replanclngs 

Expected  real  prices  were  found  to  have  positive  and  statistically 
significant  effects  on  Florida  orange  new  plantings.  Opportunity  costs, 
represented  by  the  expected  price  of  total  grapefruit,  were  determined  to 
have  negative  and  statistically  significant  influence  on  new  plantings. 

and  significant  effect  on  replanting  activity  of  total  oranges  while,  as 


orange  varieties . 
different  from  zt 
activity  crowds  o 


Orange  Plantings, 


Structural 


Estimated  Coefficient  Estimated  Standard  El 


Estimates  of  Total  Orange  Plantings, 


Estimated  Coefficient  Estimated  Si 


previously  vt 

findings  are  In  sgreement  with 

Actual  and  predicted  plantings  calculated 
are  illustrated  in  Figure  A. 7.  As  with  late  and 
the  estimated  model  was  found  to  adequately  a 
ctual  plantings  of  total  oranges. 


three  year  lag.  These 
influences  identified  for  the  separate 


:ount  for  the  observed 
The  new  plantings  and 


replantings  implied  by  the  estimated  model  are  depicted  in  Figures  A. 8, 
and  A. 9 respectively.  The  derived  rates  of  new  plantings  and  replantlngs 
are  in  agreement  with  tho  new  planting  and  replanting  series  obtained  from 
Che  lace  and  parly-midseason  orange  models.  The  estimated  model  implies 

two  percent  of  the  existing  stock  In  the  late  1960s  and  the  1980s.  In 
addition,  new  plantings  and  replantings  estimated  for  early  and  midseason 

separate  varieties  and  their  aggregate  lends  additional  credibility  to  Che 

The  dynamic  stability  of  the  estimated  model  was  examined  by 
calculating  the  characteristic  roots  of  the  transition  matrix  *.  The 
roots  of  d were  found  to  be  real  and  equal  to  0.9AS  and  0.199.  Since  both 
roots  lie  within  the  unit  circle  the  system  was  determined  dynamically 


Tota I Oranges 


indicate  that  the  explanatory  power  of  the  reduced  form  is  lower  than  that 
of  the  structural  specification.  Furthermore,  although  the  estimated 

the  estimated  autocorrelation  coefficient  of  the  reduced  specification 
indicates  that  a possible  serial  correlation  problem  may  be  present  in 

the  reduced  form  specification. 

economic  structure  of  planting  activities  in  the  Florida  early  and 
midseason  orange  Industries  are  similar.  Furthermore,  the  estimated 

those  of  the  separate  varieties  and  hence  no  distortions  due  to 
aggregation  were  Inferred. 

White  grapefruit.  Planting  activities  for  Florida  white  grapefruit 
were  investigated  within  the  framework  of  thB  dynamic  unobserved 
components  specification  (4.1)  and  the  derived  results  are  shown  in  Table 
4.7.  The  estimated  coefficients  of  and  are  statistically  different 
than  zero  supporting  the  hypothesis  that  replantings  and  new  plantings  are 
dynamically  interdependent. 

The  results  further  imply  that  expected  real  prices  of  white 
grapefruit  have  statistically  significant  positive  Influences  on  new 
planting  investment.  In  addition,  opportunity  costs  represented  by  the 


Parameter 


*11 

*11 

*11 


Estimated  Standard  Error 


Table  4.8.  Reduced  Form  Parameter  Estimates  of  White  Grapefruit 
Plantings,  1966-67  to  1987-88. 


Estimated  Coefficient  Estimated  Standard 


grapefruit  growers  undertake  new  planting  investment  when  the  relative 
profitability  of  white  grapefruit  is  expected  to  increase. 

killing  freezes  on  replantings  was  positive  but  not  statistically 
significant.  The  weather  variable  wt  which  measures  che  effects  of 
estimated  tree  losses  due  to  freezes  was.  as  in  previous  cases,  specified 
with  a three  year  lag.  Other  lag  structures  were  attempted  but  with  less 
satisfactory  results. 

The  overall  adequacy  of  the  estimated  model  in  explaining  planting 
activities  of  white  grapefruit  is  depicted  in  Figure  4.10,  where  both  the 
actual  and  predicted  plantings  are  pictured.  The  estimated  model  appears 
to  have  closely  traced  the  observed  planting  levels  with  an  exception  in 
seasons  1967-68  and  1968-69.  Also  evident  in  Figure  4.10,  is  the  decline 
of  planting  activity  since  the  beginning  of  the  1970s.  Total  plantings 
averaged  approximately  1.0  percent  of  the  existing  stock  from  1975-76  and 
on.  As  illustrated  in  Figures  4.11  and  4.12,  a large  portion  of  che  total 
plantings  in  the  last  two  decades  has  been  replanting  activity,  while  new 
planting  investment  has  been  insignificant  over  this  period.  The  limited 
planting  activity  of  white  grapefruit  over  the  last  decade  is  rather 
different  from  the  escalated  plantings  observed  in  Florida  oranges.  This 
difference  could  mean  that  damage  from  the  severe  freezes  of  the  1980s  was 


white  grapefruit  industry 


Figure 


Industry,  or  chat  sons  diversification  of  freeze -damaged  white  grapefruit 
groves  to  alternative  crops  has  taken  place. 

The  stability  of  Che  estimated  dynamic  system  was  examined  by 
estimating  the  characteristic  roots  of  the  transition  matrix  d-  The  roots 
were  calculated  as  the  pair  of  complex  conjugates  0.475  ± 0.2361  whose 
modulus  is  0.530  implying  Chat  Che  system  is  dynamically  stable. 
Furthermore,  the  controllability  of  Che  estimated  system  was  analyzed  by 
examining  the  rank  of  the  matrix  [dy.y].  The  matrix  was  found  to  have 

A reduced  form  specification  of  white  grapefruit  plantings  was 

power  of  Che  structural  specification  is  greater  chan  that  of  the  reduced 
form  specification. 

Colored  grapefruit.  Planting  decisions  for  Florida  colored 

specification  (4.1).  The  estimated  structural  model  was  found  Co  explain 


models  of  planting  activities  for  Florida  oranges  and  white  grapefruit. 

Extension  agents  provided  two  possible  explanations  for  the 
Inadequate  modeling  of  colored  grapefruit  plantings.  First,  it  was 
suggested  that  colored  grapefruit  variety  Ruby  Red  was  Introduced  in  the 
mid  1960s  to  Florida  growers.  Thus,  an  underlying  diffusion  process 
shaped  by  the  Information  flow  on  this  new  variety  could  have  Influenced 
the  observed  planting  races  of  colored  grapefruit.  Second,  it  was 


suggested  thee  colored  grapefruit  plantings  were  to  a large  extent  driven 
by  the  industry's  optimistic  expectations  on  an  expanding  European  export 

it  response  of  the  Florida  colored 


grapefruit  Industry. 

Incorporate  the  effect  of  a possll 


fficient  way  could  be  identified  to 
s tho  information  generating  the 

Lt  in  order  to  form  expectations  about 

two  year  average  of  actual  colored  fresh  grapefruit  exports  was  employed 
as  an  additional  explanatory  variable  in  the  new  plantings  equation  of  the 
dynamic  unobserved  components  specification.  The  derived  parameter 

explanatory  power  of  the  model  increased  through  the  inclusion  of  expected 
exports  in  Che  model  although  a large  portion  of  the  total  variation  still 
remained  unexplained.  The  estimated  coefficient  of  4>lt  is  statistically 


Expected  exporcs  of  fresh  grapefruit  were  found  to  have  a 
statistically  significant  positive  effect  on  new  plantings  denoted  by 
coefficient  7a.  Expected  real  prices  of  colored  grapefruit  were  found  Co 


Plantings: 


Estimated  Coefficient  Estimated  Standard  El 


Reduced  Form  Estimates  of  Tree  Plantings:  Colored 


statistically  significant 


positive  correlation 


negative  Influence  on  new  plantings,  indicated  by  parameter  estimate  y2,, 
but  such  Influences  were  not  statistically  significant.  Freeze -induced 
tree  losses,  represented  by  the  estimated  index  of  tree  losses  vE  lagged 
by  three  years,  were  found  to  have  statistically  significant  and  positive 
effects  on  colored  grapefruit  replantings. 

Actual  and  predicted  values  of  colored  grapefruit  plantings  are 
Illustrated  in  Figure  4.13.  As  can  be  readily  seen  in  the  presented  graph 
a large  portion  of  the  total  variation  in  colored  grapefruit  plantings 
remains  unexplained  by  the  estimated  model . Hew  plantings  and  replantings 
Implied  by  Che  estimated  model  are  depicted  in  Figures  4.14  and  4.15, 
respectively.  The  projected  replanting  series  exhibits  a strong  cyclical 
behavior  following  tree-killing  freezes  in  periods  1970-71,  1976-77,  1980- 
81,  1981-82,  1983-84,  and  1984-85  suggesting  chat  it  takes  approximately 
three  seasons  for  the  replacement  of  tree  losses  caused  by  freezes  to  be 
completed.  The  projected  new  plantings  were  also  compared  to  the  net 
growth  of  bearing  acreage  of  colored  grapefruit  after  four  years.  Such 
comparisons  were  possible  for  plantings  performed  until  1975-76  which 
became  bearing  in  1979-80,  before  Che  tree-killing  freezes  of  the  1980s. 

stock  were  closely  related. 

The  dynamic  stability  of  the  estimated  model  was  evaluated  by 
f the  transition  matrix  d . The 
s the  pair  of  complex  conjugates 


measuring  t 
characteristic  r 


characteristic  r 


0.504 ±0,5901  whose  modulus  Is  0.776,  implying  tl 
dynamically  scable.  Tho  system  was  also  fount 

parameter  estimates  are  reported  In  Table  4.10.  Parameter  o3  represents 

plantings.  The  results  Indicate  that  the  estimated  reduced  form  can 
explain  one  half  of  the  variation  explained  by  the  structural  model  and 
one  third  of  the  total  variation.  In  addition  tho  statistical 
significance  of  the  reduced  fora  parameter  estimates  was  limited. 

were  examined  within  the  framework  of  a dynamic  unobserved  components 

statistically  significant,  thus  empirically  supporting  the  hypothesis  that 
Florida  total  grapefruit  new  plantings  and  replantings  are  dynamically 

As  with  the  white  and  colored  grapefruit  planting  models,  expected 
prices  of  total  grapefruit  were  found  to  have  a positive  and  statistically 
significant  influence  on  new  plantings.  However,  opportunity  costs, 
represented  by  the  expected  price  of  total  oranges,  vere  found  to  be 
statistically  insignificant  and  to  carry  a positive  sign.  Tree  losses 
induced  by  tree-killing  freezes  were  estimated  to  have  a positive  and 


statistically  significant  influence  on  replannings  of  total  grapefruit. 


The  overall  adequacy  of  Che  esclmaced  model  In  explaining  Che 
varlaclon  of  coCal  grapefrulc  planclngs  is  llluscraced  in  Figure  4.16, 

Nev  planclngs  and  replanclngs  of  cocal  grapefrulc  are  llluscraced  In 
Figures  4.17  and  4.18,  respecelvely.  As  wich  colored  grapefrulc, 

killing  freezes.  Furchermore,  replanclngs  have  remained  below  five 


freezes  of  1983-84  and 
grapefrulc  cree  scock 

approximately  add  up  ti 
cocal  grapefrulc.  Hove 


: Florida  oranges  suggesclng  Chat  che 
rom  these  freezes  were  more  limited 


dls tractive 


1 replanclngs  of  white  and  colored  grapefruit 
Che  projecced  new  planclngs  and  replanclngs  of 
er,  inconsistencies  can  also  be  identified  as  in 
a 1983-86  season  where  che  projecced  new 
planclngs  for  che  individual  varieties  are  zero,  while  che  projecced  new 
planclngs  for  cocal  grapefruit,  although  small,  are  posicive. 

The  dynamic  stability  of  che  esclmaced  syscem  of  nev  plancings  and 
replanclngs  of  Cocal  grapefrulc  were  invescigaced  by  estimating  che 
eigenvalues  of  the  transition  nacrlx  p.  The  eigenvalues  were  estimated  as 
che  pair  of  complex  conjugaces  0.51710.4621  whose  modulus  is  0.693 
suggesting  chac  che  esclmaced  syscem  is  dynamically  s cable.  Furchermore, 


Total  Grapefruit 


Grapefruit 


i controllable  a 


according  Co  (4.11)  was  estimated  and  the  derived  parameter  estimates  are 
reported  In  Table  4.12.  From  the  estimated  results  it  may  be  concluded 
that  the  structural  model  is  capable  to  explain  more  of  the  variation  in 
total  grapefruit  plantings.  In  addition,  the  reduced  form  specification 

be  identified  within  this  framework. 

The  planting  series  of  white  and  colored  have  been  quit  different 

implied  new  planting  and  replanting  Investments  for  the  two  separate 
grapefruit  varieties  have  also  demonstrated  different  trends.  Hence,  it 


be  relevant  to  the  individual  varieties.  For  example,  tree  losses  were 
identified  to  have  significant  positive  effects  for  total  grapefruit 
replantlngs  while  no  such  effects  could  be  concluded  for  white  grapefruit. 
On  the  other  hand,  opportunity  cost  were  found  to  have  a negative  effect 
on  new  white  grapefruit  plantings  while  no  such  effects  could  be  shown  for 


total  grapefruic. 

Summarizing,  a number  of  similarities  can  be  identified  in  the 
estimated  planting  relationships  across  all  Florida  citrus  varieties, 
which  characterize  the  long  run  investment  behavior  of  Florida  citrus 
firms  over  che  period  1966-67  to  1987-88.  First,  new  plantings  of  Florida 
citrus  were  strongly  correlated  with  the  relative  expected  profitability 


of  each  citrus  variety.  Second,  replantlngs  r 

killing  freezes.  Following  dlstractive  freezes,  increased  replanting 

•a  completed  within  three  to  four  seasons  after  the  freeze. 

w plantings  and  replantlngs  of  all  citrus 
varieties  analyzed  in  this  study  were  dynamically  stable  and  controllable. 

analysis  of  the  short  term  investment  behavior  of  Florida  citrus  firms 
across  several  citrus  varieties  and  vintages.  Structural  output 
relationships  for  four  separate  vintages  of  late  and  ea 
oranges  ss  well  as  white  and  colored  seedless  grapefruit  » 
over  the  period  1969*70  to  1988-69.  The  estlmeted  output  relationships 
were  specified  according  to  equation  (6.8)  which  requires  direct 
computation  of  the  feasible  output  Q*t<w  levels  in  any  given  period  t. 
Feasible  per  tree  output  for  each  citrus  variety  and  vintage  were  computed 
according  co  equation  (4.2)  by  employing  the  average  age-yield  profiles 
reported  in  Appendix  Table  B.l  and  the  aggregate  age  distributions  of 

distributions  of  various  Florida  citrus  varieties  is  reported  annually  in 
the  Commercial  Citrus  Inventory  published  by  the  Florida  Agricultural 
Statistics.  The  calculated  levels  of  feasible  per  tree  output  by  variety 
and  vintage  Q*t.v  are  reported  in  Appendix  Tables  B.2  through  B.5. 

Actual  per  tree  yields  QtiV  for  esch  of  the  varieties  and  vintages 


presented  in  Appendix  Tables  B.6  through  B.9.  Let  Q“tiV  denote 


iy  given  period  t. 
s fully  explained 


by  fluctuations  in  the  age  distribution  of  the  tree  stock.  When  Q"c  y la 
different  from  unity,  QtiV  is  different  fron  Q!,  v and  this  difference  is 

Earlv-mldseason  oranges.  Output  relationships  for  four  vintages  of 

variation  in  actual  early-midseason  orange  yields  remained  unexplained  by 
the  estimated  output  relationships. 

Output  reductions  due  to  freeze  occurrences  in  the  estimated  output 
relationships  are  captured  by  the  dummy  variable  tf6.  The  variable  Ue  is 

weather  reports  in  Citrus  Summary  which  summarize  the  effects  of  freeze 
occurrences  on  Florida  citrus  yields,  were  utilized  in  order  to  specify 
the  weather  variable  Wt.  Output  reductions  due  to  freezes  were  not 
statistically  different  from  zero  for  early.mldseason  oranges  over  the 
period  of  interest.  These  results  appear  in  agreement  with  a priori 
expectations  about  the  effects  of  freezes  on  Florida  early-mldseason 
orangos.  Specifically,  freezes  have,  in  general,  little  influence  on 


before  the  beginning 


freeze  sensitive  period  of 


Table  4,13.  Estimated  Output  Relationships  for  Various  Early-Mldseason 
Orange  Vintages,  1969*70  to  19B8-89. 


ft  tv  9 Year  Old  Trots 

Q“t  “ 0.305  - 0.141  Wt  + 0.059  Tt-  0.004  p»t.,  + 0.068  pt_ 

(.47)  (.22)  (.018)  (.27)  (.050)* 

R2  - o.so 

IQ  tv  14  Year  Old  Tma 

(.36)  (.17)  1 (.014?  Tt  ('.21)  P°t’*  *(°038)  P‘~: 

R2  - 0.11 

IS- to  24  Year  Old  Trees 

^ <-17>  (08)  * <°006)  (.10)  P°t'*  *(°018?  Pt'’ 

R2  - 0.11 


Over  ?5  Year  Old  Tree. 


Output 


technologies , represented  by 


coefficient  of  the  lin 
two  vintages  of  early- 


were  identified  for  the  first 
output  reductions  were  found 

was  statistically  significant  and  indicated  that  the  output 
within  this  vintage  has  been  increasing  at  annual  rate  of  5.9 
'e  Che  feasible  output  level,  over  Che  1969*70  Co  1988-89 
s output  growth  appears  to  be  the  result  of  new  technologies, 
id  the  use  of  fertigaclon  systems  which 
young  trees  and  decrease  Che  gestation 


Increase  the  productivity  of  tl 
period.  Yield  Increases  for  trees  between  ten  and  fourteen  years  of  age 
were  smaller  and  not  statistically  different  from  zero  indicating  that 
output  growth  from  the  new  technologies  has  been  more  important  for  the 
first  vintage  of  early-midseason  orange  trees  over  the  period  of  analysis. 
Output  reductions  of  0.6  percent  per  year  below  the  feasible  output  level 
were  found  for  trees  fifteen  years  of  age  and  older.  These  output 
reductions  may  be  attributed  to  the  high  density  planting  technologies 
which  initially  increase  the  physical  productivity  of  young  orange  trees 
and  subsequently  cause  yield  reductions  as  the  trees  become  older  and  the 


Short  run  output  adjustments  in  response  to  deviations  of  real  and 
expected  prices  are  captured  by  the  variable  p»t.„  which  represents  Che 
ratio  of  Pc-!  and  p#t-r-  Statistically  significant  evidence  of  such  short 
run  adjustments  within  the  framework  of  early-midseason  oranges  and  over 
the  period  1969-70  to  1988-89  could  not  be  identified.  The  lack  of 


indicates  chat  variable  input  use  is  invariant  to  price  changes.  Some 
support  for  such  inferences  is  provided  by  survey  based  reports  on  water 
and  pest  management  practices  of  Florida  citrus  firms  (Taylor  et  al.,  and 

Since  Che  yields  of  early-mldseason  oranges  in  any  given  period  may 

over  effect  of  two  yeers,  real  prices  lagged  by  two  years  are  used. 
However,  statistically  significant  evidence  of  such  dynamic  input  effects 


Late  oranges.  Output  relationships  for  four  different  vintages  of 
late  oranges  over  the  period  1969-70  to  1988-89  were  estimated  and  the 
derived  results  are  presented  in  Table  4.16.  As  with  early-midseason 
oranges,  the  R2  of  the  estimated  output  relationships  are  rather  low 
indicating  that  a large  portion  of  the  output  variation  could  not  be 
explained  by  the  variables  utilized  in  the  regressions. 

Harvesting  of  late  oranges  starts  usually  in  January  and  hence  lace 
oranges  are  exposed  to  considerable  freeze  risk  as  the  freeze  sensitive 
period  in  Florida  begins  in  December  and  ends  in  February.  In  agreement 
with  a priori  expectations,  freezes  were  found  to  have  a significant 
negative  effect  on  the  yields  of  lace  orange  trees  ten  years  of  age  and 
older.  In  particular,  in  every  period  that  a freeze  cook  place  actual 
output  per  tree  was  reduced  in  average  by  37.7  percent  below  the  feasible 


Table  4.14,  Estimated  Output  Relationships  for  Various  Late  Orange 
Vintages,  1969-70  to  1988-89. 


four  Old  Trees 


10  to  14  Year  Old  Trees 


Qvtc  25  Year  Old  Tms 


Standard  Errors 


Parentheses . 


feasible  oucpuc  of  fifceen  to  twency-fouc  year  old  trees,  and  25.4  percent 

statistically  significant  growth  in  Che  yields  of  trees  four  to  nine  years 
of  age  was  found.  This  Indicates  that  Che  oucpuc  of  the  trees  within  this 
vintage  has  been  increasing  at  annual  race  of  3.1  percent  above  Che 
feasible  oucpuc  level  over  the  1969-70  Co  1987-88  period.  For  trees 
between  ten  and  fourteen  years  of  age  yields  increased  by  1.6  percent  per 
year  above  the  estimated  feasible  oucpuc  level.  In  addition,  declining 


to  have  similar  effects  on  t 


physical 


oucpuc  levels  were  f< 
density  plantings  j 
productivity  of  lai 

Statistically  significant  evidence  of  short  run  oucpuc  adjustments 
in  response  to  deviations  of  real  and  expected  prices  within  the  framework 
of  late  oranges  could  noc  be  identified  over  the  period  1969-70  to  1988- 

adjustmencs  is  in  agreement  with  Che  findings  in  the  early-midseason 
orange  industry  and  the  survey  based  information  on  variable  input 
management  practices  of  Florida  citrus  firms.  Extension  specialists 
suggested  chat  Florida  orange  growers  have  traditionally  attempted  to 
maximire  oucpuc  from  a given  tree  stock  with  less  attention  to  production 
costs  since  oucpuc  prices  usually  remain  well  above  the  marginal  costs  of 


production.  This  position  could  explain  the  lack  of  evidence  of  short 
Industry. 

As  with  early-nidseason  oranges,  statistically  significant  evidence 
of  dynamic  Input  effects  could  not  be  identified  for  late  oranges  over  the 
period  1969-70  to  1988-89.  This  finding  is  consistent  with  the 
conclusions  drawn  about  the  lack  of  responsiveness  of  the  orange  growers 
to  price  changes  in  terms  of  short  term  output  adjustments.  Specifically, 
if  price  changes  do  not  cause  significant  short  term  output  adjustments, 
the  flows  of  inputs  used  in  each  period  remain  un- interrupted  and  hence  no 
correlation  should  exist  between  lagged  prices  and  orange  output  levels. 

White  grapefruit.  Output  relationships  for  four  age  classes  of 
Florida  white  grapefruit  were  estimated  over  the  period  1969-70  to  1988- 
89,  and  the  parameter  estimates  are  reported  in  Table  4.15.  A number  of 
similarities  with  the  estimated  orange  output  relationships  can  be  readily 
identified.  Overall,  the  Ra's  of  the  estimated  equations  are  rather  low. 
Hence,  a significant  portion  of  the  variation  in  the  output  of  white 
grapefruit  vintages  remained  unexplained  by  the  estimated  relationships. 
As  with  early-midseason  and  late  oranges,  statistically  significant  output 
increases  of  3 percent  above  the  feasible  output  levels  were  determined 
for  trees  between  four  and  nine  years  old.  Output  changes  for  trees 


statistically  different  from  zero.  Furthermore,  statistically  significant 
declining  yields  at  an  annual  average  rate  of  1.3  below  the  feasible 
levels  were  estimated  for  white  grapefruit  trees  over  twenty-five  years  of 


Grapefruit 


:o  9 Year  Old  Trees 


12.  to  14  Year 


Over  25  Year  Old  Tr««« 


Ra  - 0.57 


Standard  Errors  in  Parentheses. 


Freezes  were  found  Co  have  negative  effects  on  the  yields  of  white 
grapefruit  trees  but  of  varying  magnitude  for  different  vintages.  The 
relative  output  reductions  for  white  grapefruit  due  to  freeze  occurrences 


As  with  late  and  early-aldseason  oranges,  no  dynamic 
in  the  production  of  white  grapefruit  could  be  inferred  from  the  escimac 
output  relationships  over  the  period  1969-70  to  1988-89.  With  regard 
short  run  oucpuc  adjustments  in  response  to  diversions  between  expect 
and  actual  prices,  some  rather  limited  evidence  supporting 
of  such  adjustments  for  white  grapefruit  was  found.  The  estima 
coefficients  of  p"t-i  were  all  positive  and  larger  chan  those  in 
estimated  orange  oucpuc  relationships.  However,  such  short  run  pr 
responsiveness  was  statistically  significant  only  for  trees  over  even 

Colored  grapefruit-  Output  relationships  for  four  vintages 
Florida  colored  grapefruit  were  estimated  over  Che  period  1969-70  Co  19. 

89  and  the  estimated  coefficients  are  presented  in  Table  4.16.  The  values 
of  R1  for  the  estimated  output  relationships  were  low  indicating  that  a 
large  portion  of  the  variation  in  colored  grapefruit  output  remained 

Freeze  occurrences  were  found  to  have  negative  effects  on  the  yields 
of  all  colored  grapefruit  vintages  but  such  effects  were  more  serious  for 
trees  between  four  and  nine  years  of  age  and  over  twenty- five  years  of 
age.  These  findings  are  parallel  to  chose  obtained  for  white  grapefruit. 

Changes  in  output  from  the  use  of  new  technologies  followed  the  same 


?.  Year  Qltf  Tress 


(.39)  (.11)  (.011)  (.23) 


(.37)  (.11)  (.010) 


(.25)  (.07)  (.01 


“ Standard  Errors  in  Parencheses. 


patterns  observed  in  Che  escinaced  output  relationships  for  all  other 
citrus  varieties.  Specifically,  the  output  of  four  to  nine  year  old  trees 

a smaller  output  growth,  not  statistically  different  from  zero,  could  be 

As  with  white  grapefruit,  some  rather  narrow  evidence  of  short  run 
output  adjustments  in  response  to  deviations  in  the  actual  and  expected 

grapefruit.  The  estimated  coefficients  of  pnt-(  were  all  positive  but 
statistically  different  from  zero  only  for  trees  in  che  age  classes  of 
four  to  nine  years  old  and  over  twenty-five  years  old.  Finally,  no 
statistically  significant  dynamic  input  effects  could  be  identified  for 
Florida  colored  grapefruit  over  che  period  1969-70  to  1988-89. 


Historically,  the  Florida  citrus  Industry  has  been  an  important 
participant  in  both  the  U.S.  and  international  citrus  markets.  During  the 
decade  of  1980s,  however,  its  productive  capacity  was  substantially 
if  several  tree-killing  freezes. 

nd  output  supply  of  Florida  citrus.  In  response  to  these 
informational  needs,  this  study  Investigated  the  structures  of  investment 
and  supply  response  of  various  Florida  citrus  varieties. 

In  general,  the  output  of  Che  Florida  citrus  industry  can  be  varied 
through  planting  decisions  in  the  long  run  and  through  cultivation 
is  possess  differencial  dynamic 
is  and  hence  represent  alternative  adjustment  mechanisms  for  the 
Florida  citrus  industry.  Because  of  the  qualitative  differences  among 
Investment  decisions,  economic  analysis  of  Florida  citrus  investment  and 
supply  response  requires  the  separate  investigation  of  planting  and 
cultivation  decisions.  A complete  structural  system  of  planting  and 
cultivation  decisions  was  specified  for  different  Florida  citrus 
varieties.  In  the  absence  of  Che  necessary  data  for  direct  structural 
ie  planting  decisions,  new  plantings  and 
at  variables  and  a structural  system  was 
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the  empirical  results  for  the  Florida  citrus  Industry.  In  terms  of  the 
methodology  employed  for  structural  estimation  of  planting  activities . the 
empirical  models  of  Florida  citrus  planting  relationships  cast  within  the 
framework  of  the  dynamic  unobserved  components  model  performed 
satisfactorily.  The  estimated  models  accounted  for  a large  portion  of  the 
variation  In  Florida  citrua  plantings  and  provided  parameter  estimates 
which  were,  In  most  cases,  statistically  significant  and  had  signs 
consistent  with  a priori  expectations.  Furthermore,  the  Implied  levels  of 
the  unobserved  new  plantings  and  replantings  appeared  consistent  with 
observed  regularities  In  the  Florida  citrus  Industry. 

Statistically,  the  estimated  structural  models  of  Florida  citrus 
planting  activities  compared  favorably  to  single  equation  reduced  form 
planting  models  across  all  the  citrus  varieties  Investigated  in  this 
study.  The  estimated  structural  relationships  explained  a larger  portion 
of  the  variation  In  Florida  citrus  plantings  and  yielded  parameter 
estimates  of  greater  statistical  significance  than  chose  derived  from  the 
reduced  form  models.  Indeed,  due  to  the  leek  of  statistical  significance 
of  some  reduced  form  coefficients,  the  implied  economic  structures  of 
Florida  citrus  acreage  response  were  substantially  different  from  chose 
implied  by  the  structural  models.  For  example,  while  strong  correlation 


through  t! 


Meaningful  insights  about  the  economic  structure  of  long  term 
investment  behavior  of  Florida  citrus  were  obtained  by  separately 
investigating  nev  plantings  and  replantings.  New  plantings,  which 
constitute  nee  growth  to  the  stock  of  Florida  citrus  trees,  were  directly 
related  to  economic  expectations  of  citrus  firms  and  were  distinguished 
from  replantings  which  were  tied  to  the  size  of  the  tree  stock  and  to  non- 
periodic freeze  occurrences.  Such  information  provides  a better 
understanding  of  the  economic  structure  of  Florida  citrus  investment  and 
is  not  attainable  from  reduced  form  specifications. 

A test  of  the  hypothesis  of  dynamic  interdependence  between  new 
planting  and  replantings  was  also  possible  within  the  framework  of  the 
structural  models  of  Florida  citrus  plantings.  The  interdependence 
coefficients  d«  and  du  were  found  in  many  of  the  estimated  models  to  be 
statistically  different  from  zero.  Hence,  some  empirical  evidence 
supporting  the  hypothesis  of  dynamic  interdependence  between  new  plantings 
and  replantings  was  provided.  In  the  absence  of  analytical  solutions  to 
the  optimization  problem  of  the  Florida  citrus  firm,  no  sign  conventions 
for  the  coefficients  of  and  d„  exist.  The  parameter  du,  which 
captures  the  effects  of  previous  period  new  plantings  on  current  period 
replantings,  appeared  with  both  positive  and  negative  signs  in  the 
estimated  planting  models  providing  mixed  signals  on  the  possible  effects 
of  new  plantings  on  replantings.  The  parameter  which  denotes  the 
in  current  period  new  plantings, 


however,  carried  a negative  signs  In  all  estimated  models  Indicating  that 
replantings  crowded  out  new  plantings  of  Florida  citrus.  This  effect 
appoars  reasonable  as  increased  replanting  activity  increases  che  expected 
future  productive  capacity  of  the  citrus  Industry  and  could  discourage  new 

economically  consistent  and  empirically  relevant  results  that  were  judged 
superior  to  those  obtained  from  the  alternative  reduced  form 
specification. 

Overall,  the  investment  behavior  of  Florida  citrus  firms  appeared  to 
be  homogeneous  across  all  citrus  varieties  examined  in  this  study  over  the 
period  1966-67  to  19B7-B8.  A common  characteristic  ai 
planting  relationships  vi 
economic  stimuli.  In  particular,  citrus  growers  were  found  to  form 
expectations  on  the  relative  profitability  of  Florida  citrus  and  co  employ 
these  expectations  to  guide  long  term  investment  decisions.  As  a result, 


new  plantings  of  Florida  citrus  were  minimal  in  periods  of  low  prices. 
Replanelngs  on  the  other  hand  were  found  to  be  performed  regularly, 
replacing  trees  damaged  by  diseases  and  freezes  even  in  periods  of  low 
prices.  Following  tree-killing  freezes,  replanting  activity  directed 
towards  replacing  che  damaged  trees  was  found  to  be  completed  in  three  to 


The  emplricel  results  derived  from  the  estimation  of  colored 
grapefruit  planting  activities  indicate  chat  firms  may  employ  multiple 
economic  indicators  in  forming  expectations.  The  increasing  size  of 
European  export  market  implied  increased  demand  conditions  for  fresh 
colored  grapefruit  and  motivated  additional  new  plantings.  Similar 


1C  behavior  should  be  expected  f 
signifying  thae  when  market  signals  in  t 
information  on  future  market  conditions  ar 


Such  conclusions  havi 
grapefruit  after  th 
grapefruit  market. 


clear  Implications  about  future  plantings  of  white 
recent  expansions  of  the  Japanese  fresh  white 


that  of  stability, 
citrus  production. 


oc  fully 


the  Florida  citrus  Industry  i 
re  significant  gestation  and  production  lags  o 
>ck  levels  that  appear  “optimal"  in  some  xivei 
period  may  be  sub-optimal  T periods  later  when  expectations  ai 
realized.  Over -Investment  due  Co  erroneous  expectations  coulc 
periods  of  low  prices  and  financial  stress  which  in  turn  coul 
under-investment.  In  the  case  chat  over- investment  and  under 
are  not  dampened  over  time,  instabilities  could  result.  Some  evidence  of 
stability  for  the  Florida  citrus  Industry  was  provided  by  the  estimated 
planting  relationships  os  all  planting  systems  were  found  to  be 
dynamically  stable  and  controllable. 

In  addition  to  analyzing  th.  economic  structure  of  planting 
activities,  structural  output  relationships  were  estimated.  Detailed  data 
n actual  yields  by  variety  and  vintage,  the  tree  stock  age  distributions, 
and  age-yield  profiles  by  variety  allowed  direct  estimation  of  structural 
output  rel.tion.hlp.  for  various  citrus  varieties  by  vintage.  Such 
detailed  estimation  of  output  relationship,  had  not  been  previously 
achieved  in  perennial  supply  response  studies.  However,  the  overall 
statistical  performance  of  the  estimated  output  relationship,  was  U.a 


reduction  In  t 


3D)  the  estimated  output  relationships. 

ce  R2  is  defined  as  the 


a variation  about  the  mean,  if  the  mean  is  the 
e dependent  variable  the  estimated  relationship  mi 
vith  low  R2.  A number  of  physical  factors,  such  at 
nds,  and  rainfall  can  significantly  affect  tl 
of  blooming,  fruit  setting  and  eventually  the  yields  of  Florida  citrus 
from  one  year  to  another.  Such  “normal"  yield  variation  is  not  captured 
by  the  estimated  output  relationships.  The  extent  to  which  Florida  citrus 
firms  maintain  fixed  input  management  practices,  the  yields  of  Florida 
citrus  may  vary  in  response  to  random  factors  only.  In  such  a case, 
output  relationships  with  low  R2  would  imply  that  the  best  predictors  of 
per  tree  yields  are  the  levels  of  feasible  output. 

Probably  the  most  Important  implication  of  the  estimated  Florida 
citrus  output  relationships  relates  to  the  general  lack  of  evidence 
concerning  short  term  output  adjustments  through  variations  in  the  input 


utilization  r 


3 response  t 


three  exhibited  statistically  significant  evidence  of  such  short  run 
output  adjustments.  This  finding  is  in  agreement  with  assessments  by 
extension  specialists  and  recent  survey  results  on  input  utilization  and 
cultivation  practices  in  the  Florida  citrus  industry.  Hence,  it  may  be 
concluded  that  output  adjustments  in  response  to  economic  changes  in  the 
Florida  citrus  industry  occur  mainly  through  long  term  adjustments  in  the 


productive  capacity  of  the 


From  the  estimated  output  relationships  it  may  be  also  inferred  that 
the  use  of  such  new  technologies  as  high  density  plantings  have  induced  a 
re-distribution  of  output  over  the  productive  life  cycle  of  Florida  citrus 
trees  by  increasing  the  yields  of  four  to  fourteen  year  old  trees  and 
reducing  tha  yielda  of  trees  over  fifteen  years  of  age.  The  largest  gains 
in  yields  have  been  experienced  by  young  citrus  trees  four  to  nine  years 
of  age  vhlle  output  chenges  for  trees  over  ten  years  of  age  have  been 


it  high  density 


plantings  along  with  Improved  irrigation  systems  reduce  the  gestation 
period  and  Increase  the  per  tree  output  of  young  citrus  trees.  However, 
the  effects  of  such  technologies  on  older  citrus  trees  are  less  known, 
although  it  is  often  suggested  that  the  crowding  effect  in  the  citrus 
grove  would  most  probably  result  into  a relative  reduction  in  Che  per  tree 
output.  The  empirical  results  of  che  estimated  output  relationships 
suggest  that,  so  far,  the  relative  reductions  in  the  yields  of  older 
citrus  trees  have  been  small.  From  the  perspective  of  a citrus  grower, 
such  yield  decreases  when  discounted  to  Che  date  of  initial  ii 
become  even  more  unimportant.  Finally,  it  should  be  note 
acre  basis  output  increases  are  far  more  important, 
planting  systems  in  Florida  utilize  one  hundred  ai 
as  opposed  Co  Che  traditional  seventy  trees  per  ac 
The  greater  number  of  trees  in  combination  w: 
found  in  the  estimated  e 


er  acre  planting  practices. 
:h  the  yield  redistributions 
: relationships  imply  chat  substantial 
e aggregate  Florida  citrus  output  should  be  expected. 
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APPENDIX  A 

DATA  REQUIRED  FOR  THE  ESTIMATION 
OF  PLANTING  RELATIONSHIPS 


The  dace  required  for  the  estimation  of  the  Florida  citrus  planting 

section.  Nominal  on  tree  prices  are  reported  annually  in  Citrus  Summary 
and  are  reproduced  in  Tables  A.l  and  A. 2 for  all  Florida  citrus  varieties 

The  normalized  prices  used  in  the  estimation  of  the  Florida  citrus 
planting  relationships  were  constructed  by  multiplying  the  ratio  of 
nominal  on  tree  prices  to  total  planting  costs  by  1000  (l.e.  1000*(p,/C.) ) . 
Planted  acres  of  Florida  citrus  are  presented  in  Tables  A. 4 and  A. 5. 

tree  inventory  to  another.  In  some  cases  the  reported  plantings  for  a 
given  year  were  revised  upward  in  later  inventories.  In  such  cases  the 

Some  difficulties  were  encountered  in  the  specification  of  the 

white  and  colored  grapefruit.  In  each  tree  inventory  the  initial 
designation  of  newly  planted  Florida  citrus  by  variety  Includes  a large 
portion  of  unidentified  planted  acres.  It  cakes  approximately  four  years 
to  fully  identify  all  planted  acres  by  variety.  However,  in  some  cases, 
when  planted  acres  were  fully  identified  some  of  the  original  planted 
acreages  were  lost  due  largely  to  freezes  but  also  due  to  diseases  and 


pest  infestations.  The  plantings  of  early-t 
well  as  white  and  colored  grapefruit  reported  In  Tables  A. 4 and  A. 5 were 
obtained  by  multiplying  the  Initially  reported  total  orange  and  grapefruit 
plantings  by  each  variety's  share  as  estimated  after  all  planted  acres 

Estimated  losses  of  Florida  citrus  bearing  acreage  due  to  tree 
killing  freezes  were  used  to  construct  an  approximate  Index  of 
destructiveness  for  the  tree  killing  freezes  which  occurred  between  1966- 
67  and  1987-88.  The  estimation  of  total  grapefruit  and  total  orange 
bearing  acreage  losses  are  presented  In  Tables  A. 8 and  A. 9,  respectively. 
In  the  estimation  of  such  losses  several  assumptions  were  made.  First,  an 
average  natural  attrition  rate  of  two  percent  per  year  was  assumed  for  all 
Florida  citrus  bearing  acreage.  Second.  In  the  absence  of  tree-killing 
freezes,  all  newly  planted  citrus  trees  were  assumed  to  become  bearing 
four  years  later.  Under  normal  weather  conditions,  the  expected  bearing 
acreage  In  a given  year  equals  actual  bearing  acreage  In  the  previous  year 
less  attrition  plus  planted  acreage  four  years  previous.  The  expected 
acroages  for  total  oranges  and  total  grapefruit  were  estimated  In  this 
manner  over  the  period  1966-67  to  1987-88.  For  example,  the  expected 
bearing  acreage  of  total  orange,  for  the  1966-67  season  was  estimated  to 
be  509.0  thousand  acres  which  Is  equal  to  46.4  thousand  planted  acres  In 
1962-63  and  98  percent  of  the  472.0  thousand  bearing  acres  in  Che  1965-66 
etween  actual  and  expected  bearing  acreage  is 
e losses  resulting  from  tree-killing  freezes, 
hst  in  most  cases  differences  between  expected 
ins  subsequent  to  a tree-killing 


The  difference  b 
:o  approximate  th 


and  actual  acreage  appeared  l 


freezes.  Tree-killing  freezes  usually  occur  between  December  and 
February.  Aerial  photographs  of  Florida  citrus  acreage  are  taken  during 

photographed  areas  are  performed  between  February  and  May.  Given  that  it 
often  takes  several  months  after  a freeze  for  one  to  verify  the  extent  of 

following  a tree-killing  freeze  that  freeze  Induced  tree  losses  are  fully 
Because  of  this  particularity,  difficulties  were 
1 the  estimation  of  tree  losses  in  cases  of  sequential 
freezes.  In  such  cases,  the  allocation  of  the  estimated  differences 
between  expected  and  actual  bearing  acreage  to  various  freezes  were  based 
on  the  relative  destructiveness  of  each  freeze  as  documented  in  the  annual 
weather  report  of  the  Citrus  Summary  and  similar  information  provided  by 
the  staff  of  the  Florida  Agricultural  Statistical  Service. 

Based  on  these  considerations  the  weather  index  wt  utilized  in  the 
planting  relatlonahlps  of  Florida  grapefruit  was  estimated  as  following. 
For  che  years  that  no  tree-killing  freezes  were  observed  any  differences 
id  actual  bearing  acroage  were  considered  equal  to  zero. 
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is  estimated  11.6  difference 


orange  planting  relationships 


derived  by  dividing  Che  ebove 


Bill  ill  ill  ill  mil  I 


i:S 

| 


1 

!:1 

!:5 

j:jj 

1:1 


1 

l 


sss 

sis 


Is 


3:3 

3:3 


33 


33 

3:3 


3:3 


616020 


632088 


126008 

127111 


I; 

|:j 

1 

1 

ill 


1 

1 

| 


£:! 


S:i 

1 

i:! 


ssSs&tssissisissjiiis!: 


muizizittsisiitn 


::;:s=Sct:r  zzzzd.iiiii 


1060496 

142297S 

2344240 

1825415 

2607299 


4267286 

3296940 


3268546 

5297967 

7399941 

9911930 

12296665 


APPENDIX 


DATA  REQUIRED  FOR  THE  ESTIMATION 
OF  OUTPUT  RELATIONSHIPS 


Table  B.l.  Age-Yield  Profiles  for  Various  Florida  Cirrus  Crops. 
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f Lace  Oranges  for  Various  Age  C] 


Table  B.8.  Actual  Per  Tree  Ylelda  of  Uhlte  Grapefruit  for  Varloua 


. Actual  Per  Tree  Yields  of  Colored  Grapefruit  f, 
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